Channel Assignment with Separation for Interference Avoidance in Wireless Networks by Bertossi, Alan et al.
  
 
 
 
 
 
UNIVERSITY 
OF TRENTO 
 DEPARTMENT OF INFORMATION AND COMMUNICATION TECHNOLOGY 
  
38050 Povo – Trento (Italy), Via Sommarive 14 
http://www.dit.unitn.it 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHANNEL ASSIGNMENT WITH SEPARATION 
FOR INTERFERENCE AVOIDANCE 
IN WIRELESS NETWORKS 
 
Alan Bertossi, Cristina M. Pinotti and Richard Tan  
 
 
October 2002 
 
Technical Report # DIT-02-0078 
 
 
 
 
 
 
 
 
 
 
 
Also: accepted in september 2002 for publication on IEEE Tr ansaction 
on Parallel and Distributed Systems 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
 	
 ﬀﬁﬂ ﬃ! "$#%&ﬂ(') *+')#
,
-#.*+#/	0!132'54$	0!65 7 8#/
9:%<;=>.')#@?3A
BDCFEHGIBKJMLNPORQTSHUVUXW YOVWZU[Q\WZG]E_^`J]abWZGﬂS.QXQ\W cdWfe+g]E.OVhiLdJﬂjkEHG
lmonXprqHs.t5uMnVvRpfmrw%xRy{z|mo}Vyom lmonRpﬁq.s.t8u:nXvRpZmowxXy{z|mo}Vyom~mo|mry{t5u&q lmonXprqHs.t5uMnVvRpfmrw%xRy{z|mo}Vyom
@}Vz5mowFzpŁt9Ht8|t88}\ %}Xz5mowFzp!t9wfmr}5pZt @}Vz+qt9xRyozmr}Vy{mﬁ~@wfpZ@t9[9Xt5u!
5Vﬁ5]Ht8|t88}\X[ pZ8 ¡8¢55£8>¤t(5t¦¥§wZmo}¨pft[©ªR pZ8 s.Xz|yF(5VV\-«9¡8Xﬁ¢X[xR
¬X­5®[¯X°V±¨±R²9³V´[±¶µ ·[¸¹²ﬁ¬X°µª²¯ º¹²ﬁ¸X°5¯[¯+²9³X±[´R²9­8¸T´8­»µ¼·¨¸+²¯¨¸.µª²ﬁ¯ ®¨¬[¯X½8¸V³V´¨±µ ·[·/µ¼¸\¾
¿$À.Á9Â8Ã5ÄPÅRÂ
Æ:ÇÉÈRÊ9ËÌRËbÇÍË\ÎªÊ(ÏRÊ(Ð]ÑÒÔÓ[ÕÖÌ×ÈRÊ9ØÎªÙRÐ¦ÚÜÛ5Ý9ÞoÛß[Þ(à(à(à5ÞoÛáRâÝã%ÙRä»Ë¹ÙXËPË¹Ê(ÏXÌ[Î{ÇÉÈRÊ!ÇÍË\ÎªÊ(ÏRÊ(Ðoå(ÕÖÌRËÖæbÌRËbçÖËÖæÖÇÉè
Ð{Ê9ØÎªÊ9æéÏRÐoÌ[êëìîíïÚð@Þ{ñ×ãrÕ+ÌRËkò>ÚÜÛ5Ý9ÞoÛß[Þ(à(à(à5ÞoÛáRâÝãèØÙXóÍÙRÐoÇÍË¹Ï:ÙRäìôÇÍåÌ:ä çÖËÖØÎ{ÇÉÙXËéõä¼Ð{ÙXöïÎ{ë¹ÊﬂÈRÊ(Ð{ÎªÊ÷
åªÊ(ÎŁðøÎªÙ$Ì$åªÊ(ÎMÙRä@Ë¹ÙXËÖË¹Ê(ÏXÌ[Î{ÇÍÈRÊ&Ç§ËVÎªÊ(ÏRÊ(ÐoåMå{çÖØrëùÎ{ëÖÌ[Îéú õÚ¼ûã/üõÚ¼ý+ã(úPþÔÛﬁßfÕÇÉä ¶Ú¼û»Þªý+ã íoÞ×Ó
ÑﬂüÓ[Þ	 ë¹Ê(Ð{Ê
 Ú¼û.Þªý+ãHÇÍå.Î{ë¹ÊæÖÇÍåªÎ{ÌRËÖØÊ!Ú Ç ÊHÎ{ë¹ÊﬂökÇÍËÖÇ§ö¦çÖöÔË\çÖöÊ(Ð.ÙRäPÊ9æ¹ÏRÊ9årãÊ(Î-Ê(Ê9Ë&Î{ë¹ÊÈRÊ(ÐoÎ{ÇÍØÊ9å
û ÌRËÖæýMË)ÙRêPÎ{ÇÍökÌRóò>ÚÜÛ5Ý9ÞoÛß[Þ(à(à(à5ÞoÛáRâÝãèØÙXóÍÙRÐoÇÍË¹Ïkä¼ÙRÐMì ÇÍåﬂÙXË¹ÊçPå{ÇÍË¹Ï&Î{ë¹ÊåoökÌRóÍóÉÊ9åªÎÐoÌRËÖÏRÊ ÙRä
ÇÍË\ÎªÊ(ÏRÊ(ÐoåŁÙ5ÈRÊ(Ð×ÌRóÍóåoçÖØoëdØÙXóÍÙRÐoÇÍË¹ÏXå]ëÖÇÍåMêÖÐ{ÙóÉÊ9ö`ëÖÌRåŁÐoÊ9óÉÊ(È¨ÌRË\ÎŁÌ[êÖêPó§ÇÍØ(Ì[Î{ÇÉÙXË ÇÍË ØrëÖÌRËÖË¹Ê9ó@ÌRåoå{ÇÉÏXË+è
öéÊ9Ë\Î ä¼ÙRÐMÇÍË\ÎªÊ(Ð{ä¼Ê(Ð{Ê9ËÖØÊ&Ì9ÈRÙXÇÍæPÌRËÖØÊ×Ç§Ë ÇÉÐoÊ9óÉÊ9å{å]Ë¹Ê(ÎﬀÙRÐﬂﬁTå(Õﬃ ëÖÊ(Ð{Ê¦ØrëÖÌRËÖË¹Ê9óÍå×Ú Ç Ê ØÙXóÉÙRÐrårã]ÌRåoå{ÇÉÏXË¹Ê9æ
ÎªÙkÇÍË\ÎªÊ(Ð{ä Ê(ÐrÇÍË¹Ï&åªÎ{Ì[Î{ÇÉÙXËÖåÚ Ç Ê@ÈRÊ(Ð{Î{ÇÍØÊ9årã-Ì[Î]æPÇÍåªÎ{ÌRËÖØÊ @ö×çÖåªÎÊ!Ì[Î]óÉÊ9ÌRåªÎ Û
ß
Ì[êPÌ[Ð{Î(Õ! ëPÇÍóÉÊMÎ{ë¹ÊŁå{ÌRöéÊ
ØoëÖÌRËPË¹Ê9óPØ(ÌRËÊ]Ð{Ê9çÖåªÊ9æÇÍËkÈRÊ(ÐoÎ{ÇÍØÊ9å>ë¹ÙXåªÊ>æPÇÍåªÎ{ÌRËÖØÊ Ç§å%Ì[ÎóÉÊ9ÌRåªÎÑ""#FË êÌ[Ð{Î{ÇÍØ(çÖóÍÌ[Ð8ÕXÎ-Ù¦ÈRÊ(Ðrå{ÇÉÙXËÖå%ÙRä
Î{ë¹ÊØÙXóÉÙRÐrÇÍË¹ÏkêÖÐoÙPóÉÊ9ö%$bòMÚ&TÞ9Ó[Þ9Ó8ãrÕÌRËÖæòMÚÜÛ
Ý
Þ9Ó[Þ(à(à(à8Þ9Ó8ã
$ Ì[Ð{Ê¦ØÙXËPå{ÇÍæ¹Ê(Ð{Ê9æ'
(+ÇÍËPØÊ!Î{ë¹Ê9åªÊÈRÊ(Ðrå{ÇÉÙXËÖå
ÙRäÎ{ë¹Ê êPÐ{ÙPóÉÊ9ö Ì[ÐoÊ*),+:èëÖÌ[Ðoæ ä ÙRÐÏRÊ9Ë¹Ê(ÐoÌRóÏRÐoÌ[êPëÖå9ÕVÊ.-Ø(ÇÉÊ9Ë\ÎÌRóÉÏRÙRÐoÇÉÎ{ëÖö å@ä¼ÙRÐ0/ËÖæPÇÍË¹Ï!ÙRêÖÎ{ÇÍö ÌRóPØÙXóè
ÙRÐoÇÍË¹ÏXåÌ[Ð{Ê!êPÐ{Ù8È+ÇÍæ¹Ê9æ$ä¼ÙRÐ åªêÊ9Ø(Ç1/Ø>ÏRÐoÌ[êPëÖåﬂökÙTæ¹Ê9ó§ÇÍË¹ÏÐoÊ9ÌRóÍÇÍåªÎ{ÇÍØ2 ÇÉÐoÊ9óÉÊ9å{åË¹Ê(Î-ÙRÐ3ﬁ+å]ÇÍËÖØ(ó§çÖæÖÇÍË¹ÏÐoÇÍË¹ÏXå(Õ
PÇÍæÖÇ§öéÊ9ËÖå{ÇÉÙXËPÌRóÖÏRÐoÇÍæPå(Õ¹ÌRËÖæ)ØÊ9óÍóÍçPóÍÌ[ÐﬂÏRÐoÇÍæÖå4
576!8:9<;=?>@BACEDGFIHKJLHKMNM,OHQPSR*TUFIVWMKXZY*[ﬃ\B]ﬃ]ﬃH^J_MIMNDG`B]ﬃabH^]!PcXedS]!P.HKFﬂfHKFIHK]ﬃg^HKMKXhiDL]ﬃ`UM^XiY*HKJGJLjﬃJk\lFnmZFNDLoﬃMKX
p*DLoﬃDGaqHK]ﬃMIDGTU]ﬃ\BJ"mZFNDLoﬃMKXﬃrsﬀtvucwUuKwyxSz{gKTUJLTUFNDL]ﬃ`ﬃXrisﬀ|
Ý
uKwUuc}c}c}Qucwyx{zSg^TUJGTUFIDG]ﬃ`~
 0
ŁŁe
Kq
 [ﬃHPNFNHKaqHK]oﬃTUjﬃM
`BFNTR P.[TBf'ReDLFNHKJLHKMIM
]ﬃH^PSR2TUFIVMFIHKWjﬃDGFIHKM\l]H^qgKDLHK]!PjﬃMNH*TBf'P.[ﬃHMIgc\BFIgKH FN\BoﬃDGTMNHKg^PNFNjﬃa
\BJLJGTgc\lPNHKoPNTReDGFIHKJLHKMNMgKTUaqajﬃ]DGgc\?P.DGTB]ﬃMK~TR*HQUH^FKXP.[ﬃHnab\BDL]oﬃDqgKjﬃJPS\B`U\BDG]ﬃMﬂP\l]H^qgKDLHK]!PjﬃMIHnTBf
F.\loﬃDGTMNHKgQP.FIjﬃaDGM`UDUHK]!¡ ¢¤£3¥Q¦§c¥Q¦.¥Q¢©¨¥ªQXgc\BjMNHKo«W¬j]ﬃgKTU]MIP.FN\BDG]HKoMNDGa­jﬃJLP.\B]ﬃHKTBjﬃMZP.F.\l]ﬃMNaqDGMIMNDGTB]ﬃMKX
Re[ﬃDLg[®FIHKMIjﬃJLP*DG]o¤\Bab\B`UH^ongKTBabaj]ﬃDGgK\lP.DLTU]ﬃMP.[¤\lP]ﬃHKH^oPNT¯HFNH^PNF.\B]MNaqDLPNPNHKonJLHc\BoDG]ﬃ`­PNT\[ﬃDL`U[ﬃHKF2gKTUMﬂP
TBf¯P.[ﬃHMNHKFﬂDGgKHl~dS]!P.HKFﬂfHKFIHK]ﬃg^HKMgK\B]nHH^JGDGaqDG]ﬃ\lP.H^o®sTUF	\lP2JGHK\BMIP	FNH^oﬃjﬃg^HKo'xWqaqHc\B]M2TBf©MNjﬃDP\BJGH¨°±B¢¤¢©¥Q²
±?ªªQ ³B¢¤´,¥Q¢¤£©PNHKg[ﬃ]ﬃDLWjﬃHKM^~dS]ﬃoﬃH^HKo"XgKTlz{g[¤\B]ﬃ]HKJ0DG]!P.H^FIfH^FNHK]gKHKMgc\BjMNHKo7!fFNHKWjﬃH^]ﬃg^®FIHKjﬃMIH­DGM TB]ﬃHTlfµP.[H
aqTUMIPg^FNDP.DGgK\BJf\Bg^PNTUFNMTB]PN[ﬃHnTUH^F.\BJLJMIMﬂP.HKa¶gc\B¤\lgKDLPS«DG]«PN[ﬃHnReDGFIHKJLHKMNM]H^PSR2TUFNVWMK~« [ﬃHﬃjﬃFI¯TUMIHTBf
·o/Xz¸.t5wf!\8"¹Tmomo}éfvXnXnTt8wfpfmNº¹[!pZXm»é½¼DvV}?ºRmow@pfXmZ¾¿¼0À»½Á!ÂkÃ ÄÀÅ>wZmrfmr9wFyFŁ5wZ8}5pﬁq
w
g[¤\B]]ﬃHKJ\lMNMNDL`U]ﬃaqHK]!PZ\lJG`UTUFIDLPN[ﬃabMeDLMP.T,a,\BVlHjﬃMIHTBfF.\loﬃDGTbﬃFNTUﬃ\B`!\lPNDGTU]7JGTUMIMg[¤\BFN\Bg^PNHKFIDGMIPNDGg^MDG]ÆTBFNoﬃH^F
P.TDL]ﬃgKFIHc\BMIHP.[HF.\BoDGTMI¯H^g^P.FIjﬃaÇFIHKjﬃMIHZH^qgKDLHK]ﬃgQ\B]ﬃonPN[WjﬃMP.TFIHKoﬃjﬃg^HP.[ﬃHZTBHKF.\lJGJ©g^TUMIPTBfP.[ﬃHZMIHKFﬂvDLgKHl~
 [ﬃHg[¤\l]ﬃ]ﬃHKJ
\BMNMIDG`U]ﬃaqHK]!P\BJG`BTUFNDP.[ﬃaqMe¤\BFIPNDLPNDGTU]P.[ﬃH`UDLBHK]ÆFN\BoﬃDLT,MNHKgQP.FIjﬃaÈDL]!P.Tn\bMNH^PTBfoﬃDLMÉITUDL]WP
g[¤\B]]ﬃHKJLMqPN[¤\lPgc\l]ÊH7jMNHKoÊMNDLajﬃJLP.\B]ﬃH^TUjﬃMNJ«!PN[ﬃHMIP\?P.DGTB]ﬃMRe[ﬃDGJLHa,\BDL]!P\BDL]ﬃDG]ﬃ`\BgKg^HKP.\BﬃJLH®FN\BoﬃDLT
MNDL`U]¤\BJLMK~Ëp2¡P\lVDL]ﬃ`\Bol\B]!P.\B`UHÆTBf[WMIDGgc\lJg[¤\BFN\Bg^PNHKFNDLMIPNDGgKMTlfZP.[ﬃHŁFN\BoﬃDGT«HK]!DGFNTB]ﬃabH^]!PcXeP.[ﬃHÆMN\BaqH
g[¤\B]]ﬃHKJgc\l]HFNH^jﬃMNH^o«!ÆPSR2T7MﬂP\lPNDGTU]ﬃM\?PZP.[ﬃHM.\labHPNDGaqH­ReDLPN[ﬃTUjPDL]WPNHKFﬂfHKFNH^]ﬃgKH^Mns.¨Ì?ÍN¨°±B¢¤¢©¥Q²0ªQ£¿±BÍ
£ ¿Ì?¢ªNxQX0ﬃFNTDGoHKo¬P.[¤\lPPN[ﬃHPSR*T®MIP.\lP.DLTU]ﬃMÎ\BFNHMI¤\BgKH^o«MIjqgKDGH^]!P.JLŁ\B¤\BFﬂPc~ [ﬃHqabDL]ﬃDGajaÏoDGMIP.\B]ﬃg^Hb\?P
Re[ﬃDLg[7g^TlzSg[¤\l]ﬃ]ﬃHKJLMegc\B]®¯HFIHKjﬃMIHKo7ReDP.[]ﬃTqDG]!P.H^FIfH^FNHK]gKHKMiDGM gK\BJGJLHKo«¨Ì?ÍN¨°±B¢¤¢©¥Q²¯¦¥QÐ!ª¥­ÑB GªQ£¿±B¢©¨¥Ò
~
 [ﬃHÎDG]!P.H^FIfHKFIHK]ﬃg^H[ﬃHK]ﬃTBabH^]¤\qab\cnHMNTqMIP.FITU]ﬃ`P.[¤\?PeH^UH^]ÆoﬃDÓ©H^FNHK]!Pig[¤\B]]ﬃHKJLMijMNHKo\lPe]ﬃHK\BFeMIP\yz
P.DLTU]ﬃMa,\cZDL]!P.HKFﬂfHKFIH*DLfvP.[ﬃH	g[¤\B]]ﬃHKJLM
\BFIH	PNTvTgKJGTBMNHB~µÔvDL]ﬃgKH2¯H^FIfHKgQP½ÕﬃJLP.H^FNM½\BFNH	]ﬃTBPµ\cl\BDGJG\BﬃJGHlXyDG]!P.H^FIfHKFIHK]ﬃg^H
H^PSR2HKHK]g^JGTUMIHfFIHKWjﬃHK]gKDGH^MDGM2\MIHKFIDGTUjﬃM2ﬃFNTBﬃJGH^a7XURe[ﬃDLg[ngc\l]n¯H[¤\B]ﬃoJGHKobHKDP.[ﬃH^F2!,\BoﬃoﬃDL]ﬃ``Bj¤\BFNoqfFNH4z
WjﬃHK]gKDGH^MH^PSR2HKH^]Ł\Bo?ÉN\lgKHK]!Pg[¤\B]ﬃ]HKJGMiTUF !DGaqTUMNDL]ﬃ`g[¤\B]]ﬃHKJMNH^¤\BF.\?P.DGTB]"~dS]®PN[ﬃDGMeJk\?PNP.H^F \BﬃFNT!\Bg[©X
fTUJLJGTR*H^oDG],PN[ﬃHZﬃFIHKMNH^]!P¤\l¯H^FKXﬃg[¤\l]ﬃ]ﬃHKJLMe\BMNMIDG`U]HKoP.T]ﬃHK\BF MIP.\lP.DLTU]ﬃMa­jﬃMIPeHZMNH^¤\BF.\?P.HKo!\`!\lTU]
P.[HFN\BoﬃDGTqMNHKgQP.FIjﬃa×ÖngKTBjﬃ]!P.HKoDG]Æ\gKH^FIP.\BDG]7]ja¯H^FTlfg[¤\B]ﬃ]HKJGM ÖRe[ﬃDLg[DLMDL]WBHKFIMNHKJ®ﬃFNTUTUFﬂP.DGTB]¤\BJ
P.TbP.[ﬃHoDGMIP.\B]ﬃg^H¯HQPSR*H^HK]¬P.[ﬃHPSR*TMIP.\lP.DLTU]ﬃM^~dS]ŁTBP.[HKFR2TUFNoMKX"P.[Hg[¤\B]ﬃ]HKJGMZØ
sÙ¯x\l]ﬃoØ
sÚvxi\BMNMIDG`U]ﬃH^o
P.TÎP.[ﬃHiMIP.\lP.DLTU]ﬃM	Ù\B]ﬃobÚ\lP	oﬃDGMﬂP\B]gKHiÛNXWReDLP.[bÛÜÝÒ
XWajﬃMﬂP2BHKFNDf¬ÞßØ
sÙ©x'àÆØµsÚvxyÞBáE|
ß
Re[HK]\abDL]ﬃDGa­jﬃa
¨°±B¢¤¢©¥Q²¯ª¥Sâ±B¦I±B£ ¿Ì?¢,|
ß
DLM FNHKWjﬃDLFNH^oH^PSR2HKHK]MIP\?P.DGTB]ﬃMi\lPeoﬃDGMﬂP\B]gKHÎÛN~	 [ﬃHjﬃFNTUMNHÎTBf½g[¤\B]ﬃ]HKJ½\BMNMIDG`U]vz
aqHK]!P\lJG`UTUFIDLPN[ﬃabMDGMZP.T\BMNMIDG`U]g[¤\B]]ﬃHKJLMÎPNT®PNF.\B]ﬃMIabDPNPNHKFNMDL]MIjﬃg[\R\c¬P.[¤\?PÎPN[ﬃHqgKTlz{g[¤\B]ﬃ]ﬃH^J2FIHKjﬃMIH
oﬃDLMIP\l]ﬃgKH\l]ﬃoŁg[¤\B]ﬃ]HKJMNH^¤\BFN\lP.DLTU]ÆgKTB]ﬃMIPNF.\BDL]WPNMZ\BFIH­UH^FNDLÕﬃHKo\B]ﬃoÆPN[ﬃHoﬃDÓ©H^FNHK]gKHH^PSR2HKHK]¬P.[H[ﬃDG`B[ﬃHKMﬂP
\B]ﬃo®JGTR2HKMﬂPg[ﬃ\B]ﬃ]ﬃH^JGMi\BMNMIDG`U]HKo®DGM VBH^P\BMeMNab\BJGJ©\BMe¯TUMIMNDLﬃJGHl~
ã¤TUFNab\BJGJUX?JGHQPP.[ﬃH g[¤\l]ﬃ]ﬃHKJLM¯H aqTvoHKJGH^o\BMgKTUJLTUFNM^XUD¿~äHB~½]ﬃTU]ﬃ]HK`!\lPNDLBHiDL]!P.HK`BHKFNM^XW\B]ﬃoJGHQPP.[ﬃH MﬂP\lPNDGTU]M
TBf	P.[ﬃH]H^PSR2TUFNVŁHabToﬃHKJLHKo¬\BMPN[ﬃHUH^FIP.DLgKH^MÎTlf\B]¬jﬃ]oﬃDGFIHKg^PNHKo`UF.\lﬃ[åçæÏs¿èuéxRe[HKFNHPN[ﬃHHKoﬃ`UH^M
gKTBFNFNH^MNTU]ﬃoqP.TÎ¤\BDGFIMTBf"MﬂP\lPNDGTU]ﬃMRe[ﬃTUMIHiPNF.\B]MNaqDGMNMIDGTU]FIHK`UDLTU]ﬃMDG]!P.H^FNMIHKg^PK~êH^Õ¤]HKo,PN[ﬃHoDGMIP.\B]ﬃg^HësÙuNÚx
H^PSR2HKHK]7MIP.\lP.DLTU]ﬃMÙ\B]ﬃoÚbTlf½PN[ﬃHZ]ﬃH^PSR2TUFIV\BM P.[ﬃHZ]Wjﬃa­¯H^F TBfHKoﬃ`UH^MeTU]®\MI[ﬃTUFﬂP.HKMﬂPi¤\lP.[H^PSR2HKH^]7P.[H
gKTBFNFNH^MNTU]ﬃoﬃDL]ﬃ`UH^FIP.DLgKH^MÙ\B]ﬃo®Ú,TBfµåqXﬃ\B]ﬃo®`UDLBHK]P.[ﬃHZg^TlzSg[¤\l]ﬃ]ﬃHKJ0FIHKjﬃMIHoﬃDLMIP.\B]ﬃgKHÒ\B]ﬃoP.[HÎg[ﬃ\B]ﬃ]ﬃH^J
MNH^¤\BFN\lP.DLTU]UH^g^PNTUFsﬀ|
Ý
u|
ß
uc}c}c}^u|
áRâÝ
xiTBf]TU]ﬃ]ﬃH^`!\lP.DUHDG]!P.H^`UHKFIMKX\B]Ærs|
Ý
u|
ß
uc}c}K}Ku|
áXâÝ
x{zSgKTBJGTUFIDG]ﬃ`qTBfP.[H
`UFN\Bﬃ[åÏDGM\fj]ﬃg^PNDGTU]ØfFNTUaìP.[ﬃHbUHKFﬂP.H4íMNHQPbèÏP.T7P.[ﬃHnMIH^Pî:æðï?ñuc}K}c}Ku4ò"óTBfeg^TUJGTUFIMKX
MIjﬃg[P.[¤\?P
t
ÞßØµsÙ¯xµàÊØ
sÚvxyÞﬃáô|
ß
DLfësÙuNÚx	æõÛIXfTBFÛ	æöwUu4tvuK}c}c}Qu.ÒàEwU~e [ﬃH7¨°±B¢¤¢©¥Q²½±?ªªQ ³B¢¤´,¥Q¢¤£â¦.ÌB÷K²G¥Q´Ïø £°
ª¥Sâ±B¦I±B£ﬀ ¿Ì?¢Eùú0ûü	ýUþDLMÎoH^Õ¤]ﬃH^o\BMP.[ﬃHqﬃFITUﬃJGH^aTBf*Õﬃ]ﬃoﬃDG]`\B]TUPNDGab\BJ
risﬀ|
Ý
u|
ß
u}K}c}cu|
áXâÝ
x{zSgKTBJGTUFIDG]ﬃ`
TBf2åX©P.[¤\?PZDGMTB]ﬃHRe[ﬃDGg[¬aqDG]ﬃDLabDLßKH^MePN[ﬃHJk\lFN`UH^MIPZg^TUJGTUFò ¡î~ÎOTBPNHP.[¤\lPKX"MNDL]ﬃgKHPN[ﬃHMNHQPî gKTB]WP.\BDG]M
ñX0P.[ﬃHqTUH^F.\BJLJ]ja¯H^FTlfgKTBJGTUFIMÎDL]!UTUJUHKo!\®g^TUJGTUFIDG]ﬃ`7ØDGMDG]¬f\BgQPòËwsﬀ\lJLP.[TUjﬃ`U["X0oﬃjHqPNT7P.[H
g[¤\B]]ﬃHKJ	MNH^¤\BF.\?P.DGTB]g^TU]ﬃMﬂP.F.\lDG]!PcXMNTUaqHgKTUJLTUFNMZDL]¡ïWwBuc}c}c}Qu4ò®à%wBónaqDG`B[WP]TBPÎ¯Hq\BgQP.j¤\BJLJLÆ\BMNMIDG`U]ﬃH^oPNT
\B]!nBHKFIPNHQíﬃxQ~
P.T]ﬃTRX'abTBMIP R2TUFNVWMi[¤\cUHÎgKTU]ﬃMIDGoﬃH^FNH^o\MNab\BJLJ"FNH^jﬃMNHÎoﬃDGMﬂP\B]gKHZHKgc\ljﬃMNHÎgKH^JGJGMR2HKFIHab\BoﬃHBHKFﬂ
Jk\lFN`UH*PNTabDL]ﬃDGaqDGß^H	PN[ﬃHKDLF]ja¯H^FsMNDL]ﬃgKHeMIDLP.H MIjﬃFIBH^MKXvFNH^]WPNDG]ﬃ`MI¤\BgKHefTUFµPN[ﬃHi\B]!P.H^]ﬃ]¤\Î\B]ﬃoP.F.\l]ﬃMNg^HKDLBHKF^X
P.[H\B]!PNHK]ﬃ]¤\\B]ﬃoP.FN\B]ﬃMNg^HKDUHKFbDLPNMNHKJf3X*\lJGJ \BooﬃHKoÊjﬃÊPNT«\¬[ﬃDG`B[ÊﬃFIDGg^HB~ x ã¤TUFHQí\BaqﬃJGHlX2fTUFPN[ﬃHR*H^JGJz
VW]ﬃTRe] [ﬃDGJG\BoﬃH^JGﬃ[ﬃDG\
	g[¤\B]ﬃ]HKJ"\lMNMNDL`U]ﬃaqHK]!PDL]ﬃMIP.\B]ﬃg^HKMKXvFNHK\BJGDLMIP.DLg B\lJGjﬃH^M*TBfÒÆ\BFNHTUFﬃXRe[DGJGH\BgQP.j¤\BJ
MNH^¤\BFN\lP.DLTU]B\lJGjﬃH^Mb\lFNH®|
Ý
æìtvX*\B]ﬃoÊ|
ß
æ wfTUFbt Û Òà<w wﬀ~ iTyR2H^BHKF^X DG]P.[ﬃH]ﬃH4íPBPN[
`UH^]ﬃHKFN\lP.DLTU]«TBf*ReDGFNH^JGH^MNM\lgKgKH^MNMMﬂvMﬂP.H^abM^XoﬃjﬃHbPNT7PN[ﬃHnoﬃH^gKFNHK\BMNDL]ﬃ`Æg^TUMIP­TBf DG]vfF.\BMﬂP.FNjg^P.jFNHKM­\B]ﬃo«PNTP.[H
]ﬃH^HKoTlf½ReDLoﬃH¤\B]ﬃoReDLoP.[©X'\JG\BFN`BHZ]ja¯H^FeTBfµMIa,\lJGJ"g^HKJGJLMKXﬃHK\Bg[ReDLP.[®MNDL`U]ﬃDÕ¤gc\B]!PeTR*H^FKX'DGM H4íHKgQP.H^o"~
dS]MIjﬃg[¬\bMIgKH^]¤\BFNDLTﬃX\bMIa,\BJLJFNH4zSjﬃMIH­oﬃDLMIP\l]ﬃgKHReDGJLJ]ﬃTBP¯HfHc\BMIDGﬃJLHÎ\B]!vaqTUFIHBX¯\B]ﬃoÒReDGJLJ¯HÎHQívHKg^PNHKo
P.THajﬃg[®Jk\BFI`UHKFätBñﬀ~
 [ﬃHY*_	ÔﬃFITUﬃJGH^a[¤\BMÎ¯H^HK]MN[ﬃTRe]«PNT7HﬀZz{[¤\BFIofTUF`UH^]ﬃHKFN\BJ`UF.\lﬃ[ﬃMKX½\B]ﬃoP.[ﬃH^FNHQfTUFNHqDLPDLM
gKTBabﬃjvP\lPNDGTU]¤\lJGJLÆDG]!P.FN\Bg^P.\BﬃJGHl~7CE[ﬃH^]P.[ﬃHng[ﬃ\B]ﬃ]ﬃH^JMNH^¤\BF.\?P.DGTB]«UH^g^P.TBF®sﬀ|
Ý
u.|
ß
uc}K}c}Ku|
áXâÝ
xÎDGM­H^Wj¤\BJ2PNT
sﬂwBucwUuc}c}K}^ucwxQX¤P.[ﬃH^FNHDLMTB]ﬃJLPN[ﬃH­g^TlzSg[¤\l]ﬃ]ﬃHKJFNH^jﬃMNH­gKTU]ﬃMﬂP.FN\BDG]!PcXﬃjP]ﬃT,g[ﬃ\B]ﬃ]ﬃH^JµMNH^¤\BFN\lP.DLTU]g^TU]ﬃMIPNF.\BDL]!P
 wytﬀ~µdS]MNjﬃg[b\gc\lMNHBX!PN[ﬃH g[¤\B]ﬃ]HKJ'\BMIMNDG`B]ﬃabH^]!PﬃFNTBﬃJGH^a [¤\BMHKH^]ReDGoﬃH^JLMIP.joﬃDGH^oqDL]P.[ﬃH ﬃ\BMIPKX!HB~ä`ﬃ~
MNH^H
P.[HÎﬃ\B¯H^F !®Y*[ﬃJk\la­P\Bg\B]ﬃoﬁ DG]!P.H^Fﬂﬀ~dS]¤\BFIPNDGg^jﬃJk\BF^XvPN[ﬃHZDG]!P.FN\Bg^P.\BﬃDLJGDLPSqTBfTUvP.DGab\BJ©rs3wUucwUuK}c}c}QucwyxSz
gKTBJGTUFIDG]ﬃ`ﬃXfTUF\l]WTUMNDP.DLBH,DL]WPNHK`UH^F­Ò
X[ﬃ\BMHKHK]FNTUH^o¡!ﬃ7gY*TUFIabDLgV w !¿~¬ã¤TUFÎÒ%æ"X
p\lPNPNDLPND¿X
p*H^FIP.TBMNMND\B]ﬃo p*TU]Wjﬃg^gKHKJLJGD# w$efTUjﬃ]ﬃoÊTUP.DLa,\lJ risﬂwUucwxSzSg^TUJGTBFNDG]`UM­fTUFqFNDL]ﬃ`UMKX2[ﬃHQí\B`BTU]¤\BJﬀX*gKH^JGJLjﬃJk\BF^X*\l]ﬃo
ﬃDLoﬃDGaqHK]ﬃMIDGTU]ﬃ\BJ0`UFNDLoﬃMKX\lMR*H^JGJ\lMH^qgKDLHK]!P[ﬃH^jﬃFNDLMIP.DLgKMfTUF`UHKTBabHQP.FNDLg­`UFN\Bﬃ[ﬃM^~&%PNDGab\BJ½rs3wUucwUuK}c}c}QucwyxSz
gKTBJGTUFIDG]ﬃ`UM^X"fTUFÎ\B]!¯TUMIDLPNDLUHDL]!P.HK`BHKFÎÒ
X½[ﬃ\BH,HKH^]«ﬃFITU¯TBMNHKo!p*HKFﬂP.TUMIMND2\B]ﬃoDL]ﬃTBPIP.D'(!fTUFFNDL]ﬃ`UMKX
gKTBabﬃJLH^PNHPNFNH^HKMKX
\B]ﬃoﬃDGoﬃDLabH^]ﬃMNDLTU]¤\BJµ`UFNDLoﬃMK~ÔHK]«HQP\lJ¿~) w+*!	ﬃFITvDLoﬃHKoJGTR2HKF\B]ﬃo«jﬃ¯H^FTUjﬃ]oﬃMÎfTBF
risﬂwUuKwUuc}c}c}Qucwyx{zSg^TUJGTUFIDG]ﬃ`BMTU]Łg^HKJLJGjﬃJG\BF`BFNDGoMK~TR*HQUH^FKXP.[ﬃH^DGFMITUJGjvP.DGTB]ÆDGMTBP.DLa,\BJ0TU]JL®fTUFÒæötn\l]ﬃo
Òæ,~

CE[ﬃHK]PN[ﬃHng[¤\B]]ﬃHKJMIHK¤\lF.\lPNDGTU]g^TU]ﬃMﬂP.F.\lDG]!PDGMﬃFNH^MNH^]WPKXP.[ﬃHnFNTUﬃJLHKa [¤\BMHKH^]MIPNjﬃoﬃDGH^oTU]ﬃJfTBF
MNab\BJLJ0l\BJLjﬃHKMTBfÒ
~ [ﬃHDG]!PNF.\BgQP\BﬃDLJGDPSnTBfPN[ﬃHris¿tvuKwyxSz{gKTUJLTUFNDL]ﬃ`[¤\BMHKH^]ŁMN[ﬃTRe]Ł!¬mZFNDL`U`UMi\B]ﬃoﬁ-	HK[
 wñ!\BJLTU]ﬃ`ReDP.[E¯TBjﬃ]ﬃoﬃMTU]EP.[ﬃHŁ]Wjﬃa­¯H^F®Tlf­g[¤\l]ﬃ]ﬃHKJLMfTUFﬃjﬃMIHKMKXZFIDG]ﬃ`BM\B]ﬃo [WHKFIgKjﬃHKM^~/.0\lPNHKFKX
TUjﬃ]ﬃoﬃMfTBF­P.[ﬃDLMﬃFITUﬃJGH^a TB]g[ﬃTUFNoﬃ\BJ`UFN\Bﬃ[ﬃM\l]ﬃo¡\BFNﬃDP.FN\BFI¬P.FIHKH^Mq[ﬃ\BH¯H^HK]fTUjﬃ]o"XFNHKMI¯H^g^PNDLUH^JLBX
!ÊÔ\BV?\BD w0i\B]o Y*[¤\B]`«\B]o21ZjﬃT34*!ﬀ~¡_ﬃﬃFITcíDLa,\?P.HKo¡MNTBJGjPNDGTU]ﬃMfTBFqTBjP.H^FNﬃJG\B]¤\BF^X2HKFIajP\?P.DGTB]
\B]ﬃo¡MNJGDLP`UF.\B[ﬃMq\BFNHﬃFIHKMNH^]!P.HKoÊ!¡p*TvoJk\BH^]ﬃoﬃHKFHQPb\BJ¿~540ﬀ~%ZvP.DGab\BJ2MNTUJLjP.DLTU]ﬃM­fTUFPN[ﬃH®risﬀ|
Ý
u.|
ß
xSz
gKTBJGTUFIDG]ﬃ`qﬃFNTBﬃJGH^a×TU]ÆﬃDLoﬃDGaqHK]ﬃMIDGTU]ﬃ\BJ"`UFIDGoﬃM\B]ﬃoÆg^HKJLJGjﬃJG\BF `UFNDLoﬃMi[¤\cUHHKH^]Ł`UDLBHK]!ﬁ6	\B]ÆêH^]ŁH^jUH^J
H^P\BJﬀ~7 w+8¿XﬃRe[T,ﬃFITyDLoﬃHKo7\BJGMITq\B]7TBP.DLa,\BJ©ris¿tvucwBucwyxSz{gKTUJLTUFNDL]ﬃ`fTBFiDGoﬃDLabH^]ﬃMNDLTU]¤\BJ¯`UFNDLoﬃMK~_]®TUPNDGab\BJ
ris¿tvuKwUucwyx{zSgKTBJGTUFIDG]ﬃ`ÎfTUF gKTUaqﬃJLH^P.HZDG]¤\BFﬂ,PNFNHKH^M[ﬃ\BMe¯H^HK]®MN[ﬃTRe]DL]9:
ﬀ~
_M\FNHKJG\lP.H^ogc\BMIHBX¤Re[ﬃHK]7Ò7æ;b\l]ﬃosﬀ|
Ý
u.|
ß
xæ sñucwyx4XP.[ﬃHÎrisﬀñvucwyxSz{gKTUJLTUFNDL]ﬃ`­FNTUﬃJLHKaÇaqToﬃHKJLM*P.[¤\?P
TBf0\cBTUDGoﬃDL]ﬃ`­TB]ﬃJLP.[HMNT?zSgc\lJGJGH^o®° Ñ!Ñ¥Q¢ ¢¤£S¥Q¦§c¥Q¦.¥Q¢©¨¥ªQXWoﬃjﬃHP.TMﬂP\lPNDGTU]ﬃMRe[ﬃDLg[\BFNHiTUjPNMNDGoHP.[H[ﬃHc\lFNDG]`
F.\l]ﬃ`UH­TlfHc\Bg[ŁTBPN[ﬃHKF\B]ﬃoPNF.\B]MNaqDLPiP.T,PN[ﬃHM.\labHFNHKg^HKDvDL]ﬃ`,MﬂP\lPNDGTU]©~<%P.DLa,\lJ0rsñucwyx{zSg^TUJGTUFIDG]ﬃ`BMi[ﬃ\BH
HKHK]FNTDGoﬃH^oWﬃ\BV?\B]MND< w+*fTUFÎﬃjﬃMIHKM\B]ﬃo«ﬃDGoﬃDLabH^]ﬃMNDLTU]¤\BJ`BFNDGoMK~Æp2HKFIPNTUMNMID \B]ﬃop*TU]WjﬃgKg^HKJLJGD t
ﬃFITyBHKoŁP.[H­DG]!PNF.\BgQP\BﬃDLJGDPSTBfTUvP.DGab\BJ0risﬀñvucwyxSz{gKTUJLTUFNDL]ﬃ`ﬃX¤`UDDG]ﬃ`b\BJGMITnTUPNDGab\BJMNTBJGjPNDGTU]ﬃMefTUFiFNDL]ﬃ`UM\l]ﬃo
gKTBabﬃJLH^PNH2ﬃDL]¤\BFﬂZP.FNH^HKM^~ãµDG]ﬃ\BJGJUXy\BM½\B]ﬃTBPN[ﬃHKF½FNH^Jk\lPNHKo­gK\BMNHlXUTUﬃMIHKFﬂUH*PN[¤\lPP.[ﬃH2gKJk\lMNMNDLgc\BJWaqDG]ﬃDLajﬃa UHKFﬂP.H4í
gKTBJGTUFIDG]ﬃ`ZﬃFITUﬃJLHKa TB]bjﬃ]oﬃDGFIHKg^PNHKob`UF.\B[ﬃM	\BFNDLMNHKMRe[ﬃH^],Ò7æ t\B]ﬃoq|
Ý
æõwU~µ [jMKXWP.[ﬃHiabDL]ﬃDGa­jﬃaôUHKFﬂP.H4í
gKTBJGTUFIDG]ﬃ`ﬃFITUﬃJLHKaçg^TU]ﬃMIDGMIPNMeDG]Õ¤]ﬃoﬃDL]ﬃ`q\B]®TUP.DLa,\lJ©risﬂwxSzSg^TUJGTBFNDG]`ﬃ~
 [ﬃDGM¤\BHKFfjFIP.[HKFDL]WBHKMﬂP.DG`U\lP.H^MP.[ﬃHrsﬀtvucwUuKwyxSz{gKTUJLTUFNDL]ﬃ`ﬃFNTUJGHKaÏ\B]oÆMIP.\BFIPNMP.TnDL]!UHKMﬂP.DL`!\lP.H\BJGMIT
P.[HZrisﬀ|
Ý
uKwUuc}c}c}Qucwyx{zSg^TUJGTUFIDG]ﬃ`ÎﬃFITUﬃJGH^a7~
ÔvDG]gKHPN[ﬃTUMNHZFNTUﬃJLHKaqM*[¤\cBHZ¯H^HK]ﬃFITyBHKoP.T­¯H<ﬀZz{gKTUaqﬃJLH^P.H
!¡mZFNDG`B`UM\B]ﬃo-	HK[; wñ!ﬀX2TUvP.DGab\BJ2MNTUJLjP.DLTU]ﬃM­fTUFMI¯H^gKDG\BJ ]ﬃH^PSR2TUFIVM,\BFNHg^TU]ﬃMIDGoﬃH^FNHKo©~ÊdS]¡¤\BFﬂP.DGg^jﬃJk\lFKX
MNTBJGjPNDGTU]ﬃMP.TÆP.[HrsﬀtvucwUuKwyxSz{gKTUJLTUFNDL]ﬃ`7FNTUﬃJLHKa \BFNHH4ív[ﬃDGﬃDP.H^ofTUFFNDL]ﬃ`UM\l]ﬃogKHKJLJGjﬃJG\BF­`BFNDGoMK~ãµDG]¤\lJGJLBX
MNTBJGjPNDGTU]ﬃMqP.TPN[ﬃH¬risﬀ|
Ý
uKwUuc}c}c}Qucwyx{zSg^TUJGTUFIDG]ﬃ`ﬃFITUﬃJGH^a \lFNHŁ\BJLMNT`UDUH^]"X Re[ﬃHK] Ò×á=X fTUF,FNDG]`UMKX ReDLPN[
w> |
Ý
@?BA
ß
C
X0\l]ﬃoŁfTUFZﬃDGoDGaqHK]ﬃMIDGTU]¤\lJ½`UFIDGoﬃM^X"ReDLPN[¡w |
Ý
D?
áRâÝ
ßEC
~dS]TlP.[ﬃH^FR*TUFIoﬃMKX\BMDPReDGJLJµH
gKJLHc\BFJk\lPNHKFTU]"X©`BDLUH^]¬\B]!Æ|
Ý
áöwUXP.[ﬃHrs|
Ý
ucwBuc}c}c}Qucwyx{zSgKTBJGTUFIDG]ﬃ`qﬃFNTBﬃJGH^aÏDLMMITUJLBHKo¬TU]ÆﬃDLoﬃDGaqHK]MNDGTB]¤\BJ
`UFIDGoﬃMe\B]o7FIDG]ﬃ`UMfTBF H^UH^FIÒá tB|
Ý
 wjﬃMIDG]ﬃ`q\BM fHQR gKTBJGTUFIMe\BM P.[ﬃHÎrisﬂwUuKwUuc}c}c}Qucwyx{zSg^TUJGTUFIDG]ﬃ`­ﬃFNTUJGHKa®~
dS]\BJGJ	gc\lMNHKM^XTUP.DLa,\lJ	MITUJGjvP.DGTB]ﬃM­\lFNHnﬃFITvDLoﬃHKo!abHK\B]ﬃMTlfeH^qgKDLHK]!Pg[¤\B]ﬃ]HKJ \BMIMNDL`U]ﬃaqHK]!P\BJL`UTlz
FNDP.[ﬃaqMK~µã¤TUF	\BJGJ¤]ﬃHQPSR*TBFNVWM \g[¤\B]ﬃ]ﬃH^J©gK\B],H\lMNMNDL`U]ﬃH^obP.T­\B]!UH^FIP.H4ínDL]bg^TU]ﬃMﬂP\B]!P*PNDGaqHBX!ﬃFITvDLoﬃHKoqP.[¤\?P

P.[HFIHKJk\?P.DLBH¯TUMIDLPNDGTU]TBf½P.[ﬃHUH^FIPNHQí7DG]P.[ﬃHÎ]ﬃHQPSR*TUFIVDGMeJGTgc\BJLJLqVW]ﬃTRe]"~ dS]P.[ﬃHÎgc\BMIHPN[¤\lPeP.[ﬃHUH^FIPNDGgKH^M
oﬃTÆ]TBP­DL]ﬃDLPNDk\BJLJL7VW]ﬃTR PN[ﬃHKDLFTRe]FIHKJk\?P.DLBHbTUMIDLP.DLTU]ﬃMDG]P.[ﬃHb]ﬃH^PSR2TUFIVXg[¤\l]ﬃ]ﬃHKJLMgc\l]¯H,\BMNMIDG`U]HKoDL]
¤\BFN\BJGJLHKJ
PNTP.[ﬃHqUH^FIP.DLgKH^M\lfP.H^FPN[ﬃH,H4íH^gKjPNDGTU]«TBfeMNDLabﬃJLHoﬃDGMﬂP.FNDLﬃjPNHKo\lJG`UTUFIDLPN[ﬃabMZfTUFÎgKTBabﬃjvP.DG]`7P.[H
UH^FIPNHQí®TUMNDP.DGTB]ﬃMKXRe[DGg[®FNHKWjﬃDLFNHTUPNDGab\BJ'P.DGaqH\B]ﬃo]WjﬃaHKFeTBf½aqHKMNMN\B`UH^MK~
ãµDG]ﬃ\BJGJUX0DLPÎDGM\BJLMNToDGMNg^jﬃMNMIHKoRe[ﬃH^]g[¤\B]]ﬃHKJ2MNHKﬃ\BF.\lPNDGTU]©X
\BMÎgKTU]MNDGoHKFNH^oDG]¬P.[ﬃDLMﬃ\B¯H^FKX
DLMH^PIP.H^F
P.[ﬃ\B]\loﬃoﬃDG]``Uj¤\BFIo®fFIHKWjﬃHK]gKDGH^MH^PSR2HKH^]Ł\Bo?ÉN\lgKHK]!Pig[¤\B]]ﬃHKJLMK~
F G IHKJc L cNM­	OH<P
 [ﬃH®g[¤\B]ﬃ]HKJi\BMNMIDG`U]abH^]WPqﬃFITUﬃJLHKa¶TB] \¬]ﬃH^PSR2TUFIVQ ReDP.[¡]ﬃTg[¤\B]ﬃ]ﬃH^JeMNHKﬃ\BF.\lPNDGTU]g^TU]ﬃMIPNF.\BDL]!P,\l]ﬃo
gKT?zSg[¤\B]]ﬃHKJiFNH^jﬃMNHÆoDGMIP.\B]ﬃg^H7Ò
X*]¤\BaqHKJL«P.[ﬃHrs3wUucwUuK}c}c}QucwyxSz{gKTUJLTUFNDL]ﬃ`ŁﬃFITUﬃJGH^a7X2gc\B]Ê¯H7FNH^oﬃjﬃgKH^o P.T«\
gKJG\BMNMIDGgK\BJgKTUJLTUFNDL]ﬃ`ﬃFITUﬃJGH^a TU]\B] ±BÐU³B´,¥Q¢¤£S¥NÑq`BF.\Bﬃ[åRTS
á
TUP.\BDG]HKo\BMZfTUJGJLTyReM^~ [ﬃHqBHKFﬂP.HQíMIH^PÎTBf
åRTS
á
DLM­P.[ﬃHMN\BaqH\BMP.[ﬃHnBHKFﬂP.HQíMNH^PqTBf7X	Re[ﬃDLJGH,\B]HKoﬃ`UHU:VyuXW$ HKJGTB]ﬃ`UM­PNTÆP.[ﬃHHKo`UHMNHQPTBfå#RTS
á
DLÓP.[ﬃHoﬃDLMIP.\B]ﬃgKHësYV?uZW?xH^PSR2HKH^]PN[ﬃHUHKFﬂP.DLgKHKMVn\l]ﬃoWDG][ M.\?P.DGMﬂÕ¤HKMÎës\VyuXWyx] ÒÆà%wU~OTRXgKTUJLTUFNM
ajﬃMﬂPZH\BMNMIDG`U]ﬃH^oÆP.TnPN[ﬃHUH^FIP.DLgKH^MÎTlf	å#RTS
á
MNTP.[ﬃ\lPZH^BHKFﬂŁ¤\BDLFTBfUH^FIPNDGgKH^MZgKTU]]ﬃHKgQP.HKo!Ł\B]¬H^oﬃ`UHDLM
\BMIMNDG`B]ﬃHKo7\gKTUjﬃJGHZTBf½oﬃDLÓ¯HKFIHK]!PigKTUJLTUFNMe\l]ﬃo®PN[ﬃHZaqDG]ﬃDLajﬃa ]ja¯H^F TBf½gKTUJLTUFNM DLM jﬃMNH^o"~*iHK]ﬃg^HBX¤P.[HÎFITUJGH
TBf´q± ^U ´Ðv´¶¨Q²  \_KÐ¤¥DG]åRTS
á
DGM\Bﬃ¤\lFNHK]!PÎfTUFÎoﬃHKFIDLDG]ﬃ`®JGTR2HKFÎ¯TBjﬃ]ﬃoﬃMÎTU]PN[ﬃHqabDL]ﬃDGaja ]WjﬃaHKFÎTBf
g[¤\B]]ﬃHKJLM2fTUFP.[ﬃHrisﬂwUuKwUuc}c}c}^ucwyx{zSgKTBJGTUFIDG]ﬃ`ZﬃFITUﬃJLHKaöTU]~
_:¨Q²  \_KÐ'¥a` fTUF	å#RTS
á
DLM2\ÎMNjﬃMNH^PTBf"UH^FIPNDGgKH^M
TBf©å#RbS
á
MNjg[bP.[ﬃ\lP
fTUFHK\Bg[bﬃ\BDGF
TlfBHKFﬂP.DGg^HKM	DG]c`×P.[ﬃH^FNHeDGM
\B]HKoﬃ`UHl~p2­R2HKJLJz{V]TyRe]`UFN\Bﬃ[P.[HKTUFIH^P.DLgc\BJ
FNH^MNjﬃJP.M^X
\gKJGDLWjﬃHTBfMIDGßKHdDL]PN[ﬃHb\Bjﬃ`UaqHK]!P.H^o«`UFN\Bﬃ[«å#RTS
á
DLabJGDGH^MP.[ﬃ\lP\lP­JLHc\BMﬂPedoﬃDÓ©H^FNHK]!PgKTUJLTUFNM
\BFIHÎ]HKHKoHKo7PNTgKTUJLTUFeå#RbS
á
~dS]®TBP.[HKF R*TBFNoﬃM^XﬃP.[ﬃHMNDLßKHTBfP.[ﬃHJG\BFN`UH^MIPeg^JGDGWjﬃHZDL]®å#RTS
á
DGMi\JGTR*H^Fe¯TUj]ﬃo
fTUFZP.[Hq]Wjﬃa­¯H^FTBf*g[¤\B]ﬃ]HKJGMÎFNH^WjﬃDGFIHKo¬P.T®MNTUJUHP.[ﬃHg[¤\B]]ﬃHKJ2\BMNMIDG`U]abH^]WPÎﬃFITUﬃJLHKa ReDP.[ﬃTUjvPg[ﬃ\B]ﬃ]ﬃH^J
MNH^¤\BFN\lP.DLTU]g^TU]ﬃMIPNF.\BDL]!Pc~Y*JGHK\BFNJUX'DG]P.[ﬃHﬃFNH^MNH^]ﬃgKHTBf
¯TBPN[g[¤\l]ﬃ]ﬃHKJ½MNH^¤\BF.\?P.DGTB]Æ\B]ﬃo7gKTlz{g[¤\B]ﬃ]HKJµFIHKjﬃMIH
oﬃDLMIP\l]ﬃgKHbgKTU]ﬃMﬂP.FN\BDG]!P.M^X\lP­JGHc\lMIP­\BM­ab\B]!g[¤\B]ﬃ]ﬃH^JGM\lFNH,FIHKWjﬃDLFNHKo\BM­DL]P.[HnﬃFNH^MNH^]ﬃgKHTBf*P.[ﬃHng[ﬃ\B]ﬃ]ﬃH^J
MNH^¤\BFN\lP.DLTU]gKTU]MIP.FN\BDG]!PTB]ﬃJLB~
ã¤TUFNab\BJLJLUX?\JLTyR2HKFTUjﬃ]ofTUFµP.[H risﬂwUucwBuc}c}c}^ucwyxSz{gKTUJLTUFNDL]ﬃ`iﬃFNTUJGHKaõDGM
\BJGMIT
\JGTR*H^FTUjﬃ]o7fTUF P.[H­risﬀ|
Ý
ucwUuK}c}c}KuKwyxSz{gKTUJLTUFNDL]ﬃ`ﬃFITUﬃJGH^a7XﬃReDP.[7|
Ý
áõwU~2dS]¤\BFﬂP.DLgKjﬃJG\BFKXﬃJLTR*H^FiTUjﬃ]oﬃM
fTUFeP.[ﬃHrisﬂwUuKwyxSz*\B]ﬃorisﬂwUucwBucwyxSz{gKTUJLTUFNDL]ﬃ`ﬃFITUﬃJGH^abMe[ﬃTBJGo7\BJGMITqfTUFeP.[H­ris¿tucwyxSz*\B]oŁris¿tvucwBucwyxSz{gKTUJLTUFNDL]ﬃ`
ﬃFITUﬃJGH^abM^~
0
.H^PPN[ﬃH®¨Ì?´â²G¥Q´,¥Q¢¤£
³B¦N±Qâ¤° åöæçsﬀèu é­xiTBf\,`UF.\lﬃ[Łåöæ s¿èuéxe¯HP.[ﬃH`UF.\B[Æ[¤\cDG]ﬃ`,PN[ﬃH­MN\BaqH
UH^FIPNHQíŁMIH^Pèç\lMåç\l]ﬃoÆ[¤\cDG]ﬃ`bP.[ﬃHH^oﬃ`UHMIH^P é TUP\lDG]ﬃH^oÆ!ÆMIR*\BﬃDG]ﬃ`H^oﬃ`UHKM\B]ﬃoŁ]ﬃTU]zSHKo`UHKMDL]Łéb~
heHKgc\lJGJ©PN[¤\lPi\>f±B´ ² £SÌ?¢bâ±B£°DGMe\¤\?P.[P.[¤\lP PNF.\cUH^FNMIHKMHK\Bg[UHKFﬂP.H4íTlf
\`UFN\Bﬃ[HQí\BgQP.JLnTU]ﬃgKHl~
g6ihEhEjkl wñ	ú2Ì?¢ªQ Ñ¥Q¦2£°¤¥risﬀ|
Ý
ucwUuc}K}c}^uKwyxQÍN¨Ì?²GÌ?¦4 ¢³2â¦.ÌB÷K²G¥Q´em0ø £°|
Ý
á tnm
Ì?¢,±³B¦I±Qâ¤°åËæ s¿èué­x
ªQÐ¤¨°Æ£°±B£ësÙ0u.ÚvxÜ ÒŁ§cÌ?¦¥poB¥Q¦pqÎâ±B ¦qÌ3§#oB¥Q¦Q£ ¿¨¥ªÙ ±B¢ÑÚ« ¢èr[s"°¤¥Q¢tmòÆæ×ÞßèÞlàEw  §±B¢ÑÌ?¢¤²uqn  §
åÇ°±?ª±vf±B´ ² £SÌ?¢bâ±B£°tr
Y*TU]ﬃMIDGoﬃH^FµP.[ﬃHiªQ£{±B¦0`UFN\Bﬃ[cwyxRe[ﬃDLg[gKTU]MNDGMﬂP.M
Tlf\q¨¥Q¢¤£3¥Q¦BHKFIPNHQí&z	ReDP.[­oHK`UFIHKH|{¤X!\B]o&{¦I±
q2UH^FIPNDGgKH^M
TBf½oﬃHK`BFNHKHqwU~
g6ihEhEj}~ wñ0¥Q£*£°¤¥¨¥Q¢¤£S¥Q¦7znÌ3§7wyx,÷Q¥­±B² ¦.¥N±!Ñ
q¨Ì?²GÌ?¦.¥NÑrs"°¤¥Q¢tm£°¤¥Î²±B¦ﬀ³¥ªQ£i¨Ì?²GÌ?¦Z¦.¥_KÐv ¦.¥NÑ§cÌ?¦±B¢
ris¿tvuKwyxQÍN¨Ì?²GÌ?¦4 ¢³Ì3§7wyx Gª­±B£	²G¥N±?ªQ£
ònæ
{<Ew   §eØ
sz^xæ%ñÌ?¦Ø
s\zKxæ5{< wBu
{<Êt   § ñqÜÝØ
sz^xÜ3{<EwU}
dS]®PN[ﬃDGM*¤\BHKFKX¤MIH^BHKF.\lJ]ﬃH^PSR2TUFNVnPNTUTUJGTU`BDGHKM*\BFNHZH4í\BabDL]ﬃHKo©Xﬃ]¤\BaqHKJUXDGoﬃDLabH^]ﬃMNDLTU]¤\BJ'`UFIDGoﬃM^XﬃgKH^JGJGjJk\BF
]ﬃHQPSR*TUFIVWMKX\B]ﬃo«FNDG]`UMK~®Ôvjg[]ﬃH^PSR2TUFNVWMaqToﬃHKJP.[H,FNH^`UjﬃJG\BFﬃJk\Bg^HKaqHK]!PTBf MIP.\lP.DLTU]ﬃMÎDG]P.[ﬃHjﬃgKJLDGoﬃHK\B]
ﬃJG\B]ﬃHReDP.[Æ]TnTUﬃMﬂP\Bg^JGHKM^X¯Re[ﬃH^]ŁP.[ﬃHÎP.F.\l]ﬃMNaqDGMIMNDGTB]FNH^`UDGTB]ÆTBfHK\Bg[¬MIP\?P.DGTB]DGM\,gKDLFNg^JGHÎTBfÕívHKoŁFN\BoﬃDGjM
gKH^]!P.HKFIHKoTU]ÆP.[H­P.FN\B]ﬃMNaqDLPIP.H^FMNDP.Hl~#\Bg[ŁBHKFIPNHQí¬Tlf	PN[ﬃH]ﬃHQPSR*TBFNVÆFIHKﬃFIHKMNH^]!P.MÎ\nMIP.\lP.DLTU]"X"\l]ﬃo¬\B]ŁHKo`UH
gKTBFNFNH^MNTU]ﬃoﬃMZPNTnPSR*T®MIP.\lP.DLTU]ﬃMRe[ﬃTBMNHP.FN\B]ﬃMNaqDGMIMNDLTU]ÆFNH^`UDGTB]ﬃMZDG]!P.H^FNMIHKg^PK~ãµDL`UjﬃFNHbwMN[ﬃTReM[ﬃTR MﬂP\lPNDGTU]M
gc\l]bH ﬃJk\lgKHKoqDG]PN[ﬃHeﬃJk\l]ﬃH DG]MNjg[n\R\cPN[¤\lPP.[HePNF.\B]MNaqDGMNMIDGTU]FIHK`UDLTU]\Bo?ÉN\lgKHK]gKDGH^M	\BFNHeaqTvoﬃH^JGH^oW
MNTBabHTlfPN[ﬃHZ\BTUH]ﬃHQPSR*TUFIVWMK~2ã'TBF2P.[HZM.\BVlHZTBfMNDGaqﬃJLDGgKDPSUX!P.[HZgKHKJLJGjﬃJG\BF	]ﬃH^PSR2TUFNVWM ReDGJLJ¯HFIHKﬃFIHKMNH^]!P.HKo
!n`UFIDGoﬃM^X¤\B]ﬃoTBP.DLa,\BJg[¤\B]]ﬃHKJ0\BMIMNDL`U]ﬃaqHK]!Pe\BJL`UTUFNDP.[ﬃaqMReDGJGJHMN[ﬃTRe]fTUF`UFIDGoﬃM*TBfMNjqgKDLHK]!P.JnJG\BFN`UH
MNDLßKH^MK~
OTBPNHP.[¤\lPZPN[ﬃHgKH^JGJGjJk\BF]ﬃH^PSR2TUFNVŁDLMZgKjﬃFIFNH^]WPNJLÆPN[ﬃHabTBMIPZDLabTUFIP.\B]!PP.TPN[ﬃHF.\BoﬃDLTHK]ﬃ`BDG]ﬃH^HKFKX0MIDG]ﬃg^H
MIP.\lP.DLTU]ﬃM2DG]nMIjﬃg[®\­]ﬃH^PSR2TUFIV,]ﬃTBPTU]ﬃJLg^TUHKFPN[ﬃHRe[ﬃTBJGHﬃJG\B]ﬃHlXvﬃjvPe\BJGMITﬃFIHKMNH^]!P P.[ﬃHMIa,\lJGJGH^MIP2¯TBMNMNDLﬃJGH
P.FN\B]ﬃMIabDPNP.H^FoHK]ﬃMIDLPSU~_JLPN[ﬃTUjﬃ`B[7P.[H­TBPN[ﬃHKFMﬂP.jﬃoDGHKo]ﬃH^PSR2TUFNVWMZab\c7]TBPg^TyBHKFPN[ﬃH­Re[ﬃTBJGH­Jk\B]ﬃHlXPN[ﬃH^
ReDGJLJ"HÎMIjﬃDLP.\BﬃJLHfTUFfjP.jFNH`UHK]HKF.\?P.DGTB]ﬃMeTBf½ReDLFNH^JGHKMIMi\BgKg^HKMNMMIMIPNHKaqMiRe[HK]TB]ﬃJLg^HKFﬂP\BDL]7\lFNHc\lMKX¤Re[ﬃHKFIH
jﬃMIHKFNMiReDLPN[HQíPNHK]ﬃMIDLUH­¤\B]ﬃoReDLoP.[7FNH^jDGFNH^abH^]!P.M\lFNHÎHQív¯H^g^PNHKoPNT,HBX¤ReDGJLJ¯HÎgKTUH^FNH^o"~dS]oﬃHKH^o"X©MIDG]ﬃg^H
P.[HbFIHKWjﬃDGFIHKo«PNF.\B]MNaqDLPNPNHKFZTR*H^F­DG]gKFNHK\BMNH^M­JLDG]ﬃHK\BFNJReDLPN[PN[ﬃH,ﬃ\B]ﬃoReDLoP.["X[ﬃDL`U[MI¯H^HKoFN\BoﬃDGT®\Bg^gKH^MNM
*
ReDGJLJ0[¤\cUH\bBHKFﬂJLDGaqDLP.H^oF.\B]ﬃ`BH\B]ﬃooﬃHK]ﬃMIHjﬃﬃDLjDLP.TBjﬃMDL]fF.\BMﬂP.FIjﬃg^PNjﬃFNH^MsJLDGVlHg^HKJGJLjﬃJk\lFi]H^PSR2TUFNVWMxReDLJGJ
[¤\cUHP.FIHKaqHK]ﬃoTUjﬃMgKTUMﬂP.M^~_Mq\Ł¯TUMIMNDLﬃJGH\BJP.H^FN]¤\lPNDLBHBXP.[ﬃHIDL]fTUMﬂP\lPNDGTU]	?zSgKTB]ﬃgKH^PTUjvP.JGDL]ﬃHKM\ŁMI¤\BFNMIH
DG]vfF.\BMﬂP.FNjg^P.jFNHTBfvDG]fTBFNab\lP.DLTU]vzSVWDLTUMNVWMKXKgKJGTBMNHP.T Re[ﬃDLg[[ﬃDL`U[Zo¤\lP.\ F.\lPNH	g^TUaqajﬃ]ﬃDLgc\lPNDGTU]DLM"fHc\BMIDGﬃJLHB~0 [ﬃDLM
DG]vfF.\BMﬂP.FNjg^P.jFNHgc\l]ÎHoﬃDGMﬂP.FIDGﬃjPNHKoZDL]\ﬃ7\B]ﬃ[¤\lPIP\B]Zf\BMI[ﬃDGTB]ÎDL]ﬃMNDLoﬃH
g^DLP.DLHKM	sabToﬃHKJLHKo!\ ﬃDLoﬃDGaqHK]MNDGTB]¤\BJ
`UFIDGo'x4XﬃTUF DG]®\JGTTU\BFITUjﬃ]ﬃo7\gKDPSsaqTvoHKJGH^o!\qFIDG]ﬃ`!xK4ŁvXtBñﬀ~
 [ﬃHZg[¤\B]]ﬃHKJ0\BMIMNDL`U]ﬃaqHK]!P \BJL`UTUFIDLP.[abMP.THﬃFIHKMIHK]!P.H^o\BJLJGTR \B]!qUHKFﬂP.H4íP.TMIHKJLfkzS\BMNMIDG`U],DLP.M2ﬃFNTB¯H^F
g[¤\B]]ﬃHKJeDG]g^TU]ﬃMIP.\B]!PbPNDGaqHBXﬃFITyDLoﬃHKoP.[¤\?PDLPVW]ﬃTReMbDP.MFNH^Jk\lPNDLBH¯TUMIDLPNDGTU]ReDP.[ﬃDL]P.[ﬃH]ﬃHQPSR*TUFIV'~ d{f
P.[DGMDLM]ﬃTBPPN[ﬃHgc\BMIHBXMNjg[ FNH^Jk\lPNDLBH,TUMNDP.DGTB]ﬃMgc\l]¯Hg^TUabjP.H^ofTBF\BJGJP.[HnUHKFﬂP.DLgKHKMjﬃMIDG]ﬃ`ŁMIDGaqﬃJGH
oﬃDLMIP.FIDGﬃjvP.HKo\BJG`UTBFNDLPN[ﬃaqMZFNHKWjﬃDLFNDL]ﬃ`TUvP.DGab\BJP.DLabHq\B]oTUP.DLa,\lJ]ja¯H^F­TBfeaqHKMIM.\B`BHKMK~_MNMIjﬃaqH,P.[¤\?P
Hc\lg[7UH^FIPNHQíTBfµPN[ﬃH]ﬃH^PSR2TUFNV®TU]ﬃJVW]ﬃTReMDP.MeTRe]`UH^TU`UF.\lﬃ[ﬃDGgZTUMIDLP.DLTU]sHl~ `ﬃ~2!7aqHc\l]ﬃMeTBf
DP.Med~ ê~¤TBF
\JGTgc\lJ¯`UH^TU`UFN\Bﬃ[ﬃDLgTUMNDP.DGTB]nMIMIPNHKaìsﬀm	ÔﬃxIx*\B]ﬃonPN[ﬃHZ]¤\BaqHKM*TBfDLP.M*]ﬃHKDL`U[W¯TUjFNMsRe[ﬃDGg[gc\l]¯HZHK\BMNDLJL
TUP.\BDG]HKo!P.[H­jﬃMIj¤\BJ0P.TUTUJGTB`B!zSHQívg[¤\l]ﬃ`UHÎoﬃDGMﬂP.FNDLﬃjPNHKoÆ\lJG`UTUFIDLPN[ﬃa w+Ł!kxQ~e [ﬃHÎUHKFﬂP.DLgKHKM\BFNH\BMNMIjﬃaqHKo
P.T7¯Hb\BMﬂv]g[ﬃFNTU]TUjﬃM\B]o«gc\l]«gKTBabaj]ﬃDGgK\lP.H!¬HQívg[¤\B]`UDG]ﬃ`gKTU]!P.FITUJabH^MNMN\B`UHKMnsHl~ `ﬃ~bvDG\7oﬃH^oﬃDGgK\lP.H^o
MIMﬂP.HKa:MIDG`U]¤\lJGM
MIjﬃg[n\BM2ÔﬃÔtTUFﬃ®_iYÊﬃFNTlP.TgKTUJLMMNjﬃg[,\BM_K.T%Z_Zx4~! [ﬃHKFIHDLMTU]ﬃJTU]ﬃHeVWDG]oqTlf"gKTB]WPNFNTUJ
aqHKMNMN\B`UHlX2Re[ﬃDLg[ DGMMIHK]!P,!¡\ŁUH^FIP.H4íP.T¬P.H^JGJ DLPNM`UHKTB`UF.\B[ﬃDGgTUMNDP.DGTB]\B]ﬃo¡DLP.MFIHKJk\?P.DLBH¯TBMNDLPNDGTU]PNT
DLPNM]ﬃHKDL`U[W¯TUjFNMK~b [ﬃH,g^TUaqﬃjP\?P.DGTB]DLMMIP\lFIP.H^o«!\MNDG]`UJGHUH^FIPNHQí¯X½Re[ﬃDLg[«DLMPN[ﬃHqTU]ﬃJLUHKFﬂP.H4íRe[DGg[
DG]DLP.DG\BJGJ­VW]ﬃTReM DP.M*FIHKJG\lP.DUHi¯TUMIDLPNDGTU]"~CE[ﬃHK]\ÎUHKFﬂP.H4íFNH^gKH^DLUH^Me\­gKTB]WPNFNTUJ¯abH^MNMN\B`UHfFITUa \­]ﬃH^DG`U[WTUjﬃFKX
DLPbDGMbgc\Bﬃ\BﬃJGH7TBfFNH^gKTU`B]ﬃDGß^DG]ﬃ`Re[ﬃH^PN[ﬃHKFnPN[ﬃHÆMNH^]ﬃoﬃH^FDGMb\OTUFﬂP.["XÔvTBjP.["X'\BMﬂPcXeTUFbCHKMﬂP]ﬃH^DG`U[WTUjﬃFKX
!«g^TUaq¤\BFNDL]ﬃ`DP.MÎ`UHKTB`UF.\B[ﬃDGgq¯TBMNDLPNDGTU]«\B]ﬃo«PN[¤\lP­TBf P.[ﬃHbMNH^]ﬃoﬃHKF®sP.[ﬃH,\B`UFIHKHKaqHK]!P\l¯TUjvPPN[ﬃH\BgQP.j¤\BJ
gc\lFNoﬃDL]¤\BJGDPSÎ¯TUDL]!P.Mgc\l]qH HKMﬂP\BJGDGMI[ﬃHKoq\B]oqFNT!\Bogc\BMﬂP2!PN[ﬃHUH^FIPNHQíqMIP.\BFIPNDG]ﬃ`PN[ﬃHegKTUaqﬃjP.\lP.DLTU]"XB\lfP.H^F
VW]ﬃTReDG]ﬃ`bP.[ﬃHm]	Ô7TUMNDP.DGTB]ﬃMTlfDLPNM]ﬃH^DG`U[WTUFNM.xQ~eCE[ﬃHK]¬\bBHKFﬂP.HQíÆFNH^gKHKDUH^M\,gKTU]!PNFNTUJabH^MNMN\B`UHfFITUaÏ\
]ﬃH^DG`U[WTUjﬃFKXWDf©DP2[ﬃ\BM2]TBPUH^P*gKTUaqﬃjPNHKoqDLPNM	TUMIDLP.DLTU]q\B]ﬃobMNTUaqHegKTU]ﬃoDLP.DLTU]ﬃM\BFIHaqH^PKX!P.[ﬃH^],DLPg^TUaqﬃjP.H^M
DLPNMTRe]7FIHKJG\lP.DUHTUMNDP.DLTU]\B]ﬃo®DG]nPNjﬃFN]MIHK]ﬃoﬃM\gKTB]WPNFNTUJ©abH^MNM.\l`UHBX¤TBPN[ﬃHKFﬂReDGMIHÎDP ]ﬃH^`UJGH^g^P.MPN[ﬃHZaqHKMNMN\B`UHl~
 
 L M&J5, 
wyb
evJKqcN UqDçcŁ L H)P
KqNM&J; c)P
_Ë÷K ÑB ´,¥Q¢ªQ ¿Ì?¢±B²l³B¦4 Ñ TBf'MNDLßKHVI <z2[¤\BMVFITyReM
\B]ﬃoczgKTUJLjﬃab]MKXUDL]ﬃoﬃHQívH^oFNHKMI¯H^g^PNDLUH^JLfFNTUaõñPNTKVàw
sfFITUaÇP.TB7P.TqTBPNPNTUanx \B]o7fFNTBa ñqP.TzàEwsfFNTUa×JLH^fPeP.TbFNDG`B[WPxQXﬃReDP.[¡Vqá tb\B]ﬃo¡zÎá tv~ _õ`UHK]ﬃH^FNDLg

(b)(a)
ãµDL`UjﬃFNH,w£¢_o?ÉN\BgKH^]ﬃgKDLHKMÎ\BaqTU]ﬃ`nPNF.\B]ﬃMIabDPNPNDG]ﬃ`bFNHK`BDGTU]ﬃMabToﬃHKJLHKoŁ!¡s\!xﬃDLoﬃDGaqHK]ﬃMIDGTU]ﬃ\BJ½`BFNDGoMZ\B]ﬃoÊs¤x
gKH^JGJLjﬃJk\BF2]ﬃH^PSR2TUFIVM^~
UH^FIPNHQíbÙ,TBf¤ôReDGJGJ¯HeoﬃH^]ﬃTBP.H^ob!Ùnæ sÛIu¦¥xQX!Re[ﬃHKFIHÛ0DLMDLP.MFITRÝDG]oﬃHQíb\B]o#¥DGMDLPNMgKTUJLjﬃab]DL]ﬃoﬃH4í©~_JGJ
DG]!PNHKFN]ﬃ\BJBHKFﬂP.DGg^HKM^XD¿~äHB~PN[ﬃTUMIH]ﬃTBPTB]P.[ﬃH­¯TUFIoﬃHKFIMKX"[ﬃ\BHoﬃHK`BFNHKHeﬃ~dS]Ł¤\BFﬂP.DLgKjﬃJG\BFKX\B]ŁDL]WPNHKFI]¤\BJ0UHKFﬂP.H4í
Ùæ sÛNu§¥vx*DLMe\Bo?ÉN\Bg^HK]!PeP.TP.[ﬃHZBHKFIPNDGg^HKMsÛ0àÝwUu§¥vx4uysÛIu¦¥7 wyx4uysÛ¨EwUu¦¥xQX¤\l]ﬃosÛNu¦¥Îà wyxQ~
%P.DLa,\BJµMNTUJLjP.DLTU]ﬃMZfTUFP.[ﬃHbrisﬀ|
Ý
u.|
ß
x{zZ\B]oris¿tvuKwUucwyx{zSgKTBJGTUFIDG]ﬃ`nFNTUﬃJLHKaqMTU]«ﬃDLoﬃDGaqHK]MNDGTB]¤\BJ
`UFIDGoﬃM
[¤\cUHqHKHK]ﬃFITyDLoﬃHKo!)6	\B]«êH^]HKjvUHKJ	H^P\BJﬀ~© w+8!ﬀ~dS]PN[ﬃDGMMNH^g^PNDGTU]"XPN[ﬃHqrs|
Ý
ucwBuc}c}c}Qucwyx{zSgKTBJGTUFIDG]ﬃ`
ﬃFITUﬃJGH^açDLM oﬃHc\BJP ReDLPN["~
g6ihEhEjªs"°¤¥Q¦¥  Gª±B¢risﬀ|
Ý
ucwUuc}K}c}KucwxQÍN¨Ì?²GÌ?¦4 ¢³Ì3§e±÷K ÑB ´,¥Q¢ªQ ¿Ì?¢±B²U³B¦4 Ñ Ì3§*ªQ ¬«?¥aV z+m½ø £°]Vá Ò
±B¢Ñezá Òm Ì?¢¤²uq   §iòá®­
áO¯
ß±°
à wnr
²Î=?;©;¨³ .H^PÕ¤FNMﬂP*FIHKMﬂP.FNDLg^PP.TZPN[ﬃHris3wUuc}c}c}^ucwyx{zSgKTBJGTUFIDG]ﬃ`FNTUﬃJLHKa®XBReDLPN[bg^TlzSg[ﬃ\B]ﬃ]ﬃH^JFIHKjﬃMIHoﬃDLMIP.\B]ﬃgKHeÒ
~
Y*TU]ﬃMIDGoﬃH^F\`UH^]ﬃHKFIDGgUH^FIP.H4íﬁ´®æ sÛIu¦¥xTBfa,X'\l]ﬃoDP.M TUﬃTUMIDLP.HZBHKFIPNHQí\lPioﬃDLMIP\l]ﬃgKHÒ®à wÎTB]7P.[HÎMN\BaqH
gKTBJGjﬃaq]"XBDﬀ~ Hl~LX
µæ sÛ?àÒwBu¦¥xQ~µ_JGJP.[ﬃH*BHKFﬂP.DGg^HKMTBf¨ô\lP
oﬃDGMﬂP\B]ﬃg^HÒià®weTUFµJGHKMIM
fFNTUaËTBP.[&´,\B]ﬃo¶µ\BFIH
ajPNj¤\BJLJLZ\?P0oﬃDGMﬂP\B]ﬃg^H2Ò	àw*TBFJLHKMIMK~ [ﬃHKFIH^fTUFIHBXUDL]PN[ﬃH2\BMNMITvg^Dk\lPNHKoÎ`UF.\B[­å·¤S
á
XyP.[ﬃHQZfTUFNa \ig^JGDGWjﬃHlXB\l]ﬃo
P.[H^ajﬃMIPµ¯H*\BMNMIDG`U]HKo­PNToﬃDLÓ¯HKFIHK]!P
g^TUJGTBFNMK~½dS]oﬃHQP\BDLJGMKX?MNjg[b\gKJGDLWjﬃHBXloﬃHK]ﬃTlP.HKo\lM±`·s¸´0u.Ò0x4XUDGM½oﬃH^Õ¤]HKo
\BM fTUJLJGTReM$¢a`·	sY´0u.Ò0xæº¹¤sÛ0àÒ wQ»4u§¥à»Ix©uc}c}K}KuysÛ0àÒ wQ»4u¦¥Q»Ix¼¢,ñc2»½®¾
áRâÝ
ß¿ÁÀ Â
¹bÃIÛ0àÄ­
áRâÝ
ß°
»4u¦¥à~­
áXâÝ
ß°
Q»ÆÅiuc}c}c}QunÃNÛà~­
áXâÝ
ß°
Q»4u¦¥Ç­
áRâÝ
ß°
àE»ÆÅ ¢®w2»®­
áRâÝ
ßU°
À
Ł
ÔvjﬃaqabDL]ﬃ`jﬃ®TUHKF|»4XﬃPN[ﬃHMNDGß^HTBf½PN[ﬃHgKJLDGWjﬃHZFNH^MNjﬃJP.M P.TH
Þ:`·sY´0u.ÒxyÞBæ
?BÈpÉ
Ê
¯
C
Ë Ì¬ÍÎ
sﬀt»ÏEwyxÏÐ
ÈOÉ
Ê
¯vÑ
ËÌ¬Í
ÝÓÒ
t
ÒTÔ
ÒàÝw
t Õ
àE»¦ÖﬁEw$Ö¬æØ×
Ò
ß
t&Ù
}
H^]ﬃgKHlXµ\?PJGHc\lMIPÞ:`·sY´0u.ÒxyÞæ9­
áO¯
ß±°
g^TUJGTBFNM\BFIHFNHKWjﬃDLFNH^ofTUFPN[ﬃHqrisﬂwUuc}K}c}KucwxSzSg^TUJGTBFNDG]`,ﬃFITUﬃJGH^a7X0\l]ﬃo
P.[WjﬃM­ò¡á
­
á$¯
ß °
à wU~ [ﬃH^FNH^fTBFNHBX0P.[HqMN\BaqHqJLTR*H^FÎTUjﬃ]o[TUJGoﬃMÎ\BJLMNTfTUFPN[ﬃHqrs|
Ý
ucwBuc}c}c}Qucwyx{zSgKTBJGTUFIDG]ﬃ`
ﬃFITUﬃJGH^a7~ Ú
dS] P.[H®fTUJLJGTReDG]`ﬃX	\B] TUvP.DGab\BJg^TUJGTBFNDG]`\lJG`UTUFIDLPN[ﬃa fTUFqﬃDLoﬃDGaqHK]ﬃMIDGTU]ﬃ\BJ*`UFIDGoﬃMqDGMH4í[DGﬃDP.HKo©~  [ﬃH
mZFNDGoz3risﬀ|
Ý
ucwUuK}c}c}KuKwyxSz{gKTUJLTUFNDL]ﬃ`\BJL`UTUFIDLP.[a:R2TUFIVMefTUF Òá5\B]ﬃo7|
Ý
Û?
áXâÝ
ßEC
~
ÜTÝ4ÞXßpà¦á(â§ã+äEåà¦áﬂæ$çéèÁêìë
Ê
S
Ý
SYí\íYíS
Ýî
çðï¦ßOÝ4ßpà¦áﬂñ$Þ½ê
·¤Sóò§Sóô¦S
áOîYõ
ö÷ ø
á
÷:ùnúüûBû$ýBþóß §ùéùó÷Tþóú	 
ðß ¬þ 
Í
ê
ß
S
î
þóß Yú:ú
$ê

î
Í
Ã£Ã
á%âŁÝ
ß 
Ý
Å
ß

áâ!Ý
ß

Åﬁﬀ
úüû
Ô
á
¯
ß
Õ
ö÷ ø
á
÷:ùﬂ  Bûﬃ
Í
 
ÈOÉ!Ê
¯"!
÷:ùﬂ  $ý# ¸þ
ß$
Í
ß
ﬀ
ú û
á
Bû

$
Í

ﬀ
úüû
á
ýBþéß% 
§ùéùé÷bþóú	 &éß óþ' (
Í
ê
ß
S
î
þóß \ú:ú
 ê

î
Í*)+
,
+-
ﬃ
ê
È
¯
ß$


$
î
ﬀ
ú û
È.
¯
÷ ø
Î0/
ß$
/
È
¯
â!Ý
Bû
Î0/
ß$
/
È
¯
âŁÝ
S
ú
È
¯
/
ß$
/
áâ!Ý
û
È
¯
/

$
/
á%âŁÝ
S
1
ﬃ
ê
È
¯
ß
$


$
î

Ý&2
ﬀ
úüû
È
.
¯
÷ ø
Î0/
ß
$
/
È
¯
â!Ý
Bû
È
¯
/

$
/
á%âŁÝ
S
ú
È
¯
/
ß
$
/
áâ!Ý
û
Î0/

$
/
È
¯
â!Ý
í
ö÷ ø
á
÷:ùﬂ  Bûﬃ
Í
 
ÈOÉ!Ê
¯"!
÷:ùnúüûBû$ý# ¸þ
ß
$
Í
ß
ﬀ
úüû
á
Bû

$
Í

ﬀ
úüû
á
ýBþóß §ùéùó÷þóú3 
ðß( óþ' (
Í
ê
ß
S4
î
þóß 5Yú:ú
 ê

î
Í
)+
+
,
+
+-
ﬃ
ê
È
¯
ß
$


$
î
ﬀ
ú û
È.
¯
÷ ø
Î0/
ß
$
/
È
¯
â!Ý
Bû
Î0/
ß
$
/
È
¯
âŁÝ
S
ú
È
¯
/
ß
$
/
á%âŁÝ
û
È
¯
/

$
/
á%âŁÝ
S
Ã
ﬃ
Ã
È
.
6
â!Ý

È
¯
ß4$


$
Å£Å7ﬀ
úüû
È
.
¯
÷ ø
Î0/
ß$
/
È
¯
â!Ý
Bû
È
¯
/

$
/
á%âŁÝ
S
ú
È
¯
/
ß
$
/
á%âŁÝ
û
Î8/

$
/
È
¯
â!Ý
í
p*H^fTBFNHFNTDG]ﬃ`gKTUFIFNHKgQP.]ﬃH^MNM\B]oÝTUPNDGab\BJGDPS«TBfZPN[ﬃHÆ\l¯TUH\BJG`BTUFNDP.[ﬃa®X*\ﬃFNH^JGDLabDL]¤\BFI«FNH^MNjﬃJP,DLM
FNH^WjﬃDGFIHKo"~
g6ihEhEj:9<; ¸oB¥Q¢Ł±B¢¥poB¥Q¢bÒá Ám²G¥Q£½ònæ
á
¯
ß
àÊwm2±B¢Ñ>=öæ®?
áRâÝ
ß
C
rﬁ?§@=ð Gª­¥poB¥Q¢tm£°¤¥Q¢ dA= aqTo
á
¯
ß
±?ªªQÐ´,¥ª±B²²£°¤¥¥poB¥Q¢¡o?±B² Ð'¥ªÎ ¢Æ£°¤¥¦I±B¢³¥#äñvu
áO¯
ß
à w$2øµ° ²G¥7do?±B¦4 ¿¥ªø £° ¢Ł£°¤¥Î ¢¤£S¥Q¦Xo?±B²bßñu
áO¯
B
à w$§r
?§7=  Gª­ÌKÑ!Ñm
£°¤¥Q¢>dA= aqTvo
á
¯
ß
±?ªªQÐ´,¥ª±B²²¯£°¤¥Ko?±B² Ð'¥ª ¢£°¤¥¦I±B¢³¥]ßñu
á
¯
ß
àw$øµ° ²G¥|dUo?±B¦4 ¿¥ªø £° ¢
£°¤¥Î ¢¤£3¥Q¦Xo?±B²bßñu
á
¯
ß
à wO¦r
8
²=y;"; ³ ÔvDG]gKHZÒDGM H^BHK]"X
á ¯
ß
æ%tﬃs&=; wyx
ß
~CE[ﬃHK]C= DLM H^UH^]"X¤dA= aqTvo
á ¯
ß
gK\B]7HZFNHQReFNDPNP.H^]\lM
tﬃs ﬃ
ß
dabTo7s&=wyx
ß
x4~Y*TU]ﬃMIDGoﬃH^F*\B]!l\BJGjH'´¡ Qäñvuys&=wyx
ß
àw$ﬀ~
 [ﬃHg^TU]ﬃ`UFIjﬃHK]gKH ﬃ
ß
daqTvo®s
=wx
ß
\BMIMNjﬃaqHKMP.[Hel\BJLjﬃH´,Re[HK]dED,´½s
=
ß
à !xµaqTos
=¬wyx
ß
~
dS]bTlP.[ﬃH^F
R*TUFIoﬃMKX©s&=
ß
à !x ﬃ
ß
D waqTvo®s
=
wyx
ß
XTUFH^jDLl\BJGH^]!P.JLBXF=
ß
à2nDLMP.[ﬃHajJLP.DLﬃJGDLgc\lPNDLBHÎDL]!UHKFIMNHTBf
ﬃ
ß
abTo7s&=  wyx
ß
~dS]ﬃoﬃH^HKo"X0JGHQP
ﬃ
ß
æº»
\B]ﬃo«s&=; wyx
ß
æ5
»
ß

»  wU~iHK]ﬃg^HBX½s&=
ß
àQ!x ﬃ
ß
æ »^s\
»
ß
àQ!xQXﬃ\B]ﬃoP.[ﬃH^]
»^s\!»
ß
àQ!xµaqTosY
»
ß

»  wxGD
»^s\!»
ß
Ew½Q
»½à
»µà weàUxaqTo®s\
»
ß

»  wxD
»^s\!»
ß
Ew½Q
»Ixµà»^s\!»ÏQWxµabTo7s\
»
ß
!»ÏEwyxD
sﬂà'
»
ß
à
»Ix
abTo®s\!»
ß
Q
»ÏEwyxD
wiabTo®s\
»
ß
!»ÏEwyxQ}
 [ﬃH^FNH^fTBFNHBXDLfﬁ=ÈDLMH^UH^]"X ﬃ
ß
daqTo®s&= Ëwyx
ß
\BMNMIjﬃabH^M­\lJGJ½PN[ﬃHl\BJGjﬃH^MDG]äñvuys&= ôwyx
ß
à%w$ﬀX½\l]ﬃoPN[WjﬃM
dA= aqTo
á
¯
ß
\BMNMIjﬃaqHKMi\BJGJ'P.[HZH^UH^]®l\BJLjﬃHKM DL]nP.[ﬃHF.\B]ﬃ`BHväñu
á
¯
ß
à¡w$"Re[ﬃDLJGHKdnl\BFIDGH^M*ReDLPN[ﬃDG],PN[ﬃHZDG]!PNHKFIl\BJ
ßñu
á
¯
B
à w$ﬀ~
CE[ﬃHK]H= DLMbToﬃo"X|dA= aqTvo
á
¯
ß
gc\B] ¯H®FNHQReFNDLPIP.H^] \BMdA= aqTvobtﬃs
=  wyx
ß
~%Y*TU]ﬃMIDGoﬃH^Fn\B]!l\BJGjﬃH
´Ç Óßñu4ts&=  wyx
ß
à w$ﬀ~õ [HŁgKTU]ﬃ`BFNjﬃH^]ﬃgKHdA= aqTo,ts&= :wyx
ß
\BMNMIjﬃaqHKMP.[ﬃH7B\lJGjﬃH¡´ERe[ﬃH^] dID
´s&=®s&= Ewyx½à wyx
aqTvoqts&= öwx
ß
~%dS] TBP.[ﬃH^FbR2TUFNoMKXJ= s
=7s
= Ewyxµà wyxKD weaqTvobtﬃs
=/ wyx
ß
xQX TBF
HKWjﬃDl\BJGH^]WPNJLBX5=®s&= Ewyx½à wDGMPN[ﬃHajﬃJLPNDGﬃJLDGgK\lP.DUHDL]!UHKFIMNHÎTBf(= abToqtﬃs
=  wx
ß
~
dS]ﬃoﬃH^HKo"X'FNH^gc\BJLJGDL]ﬃ`P.[¤\?PMLKËabToNLPOôæ*LsËabToNOxQX¤DLP[ﬃTUJGoM
s&= s&=®s&=  wyxµàÝwxNx
abToqtﬃs
=  wx
ß
D
s&=
ß
s
=  wxµàQ=bx
aqTvoqts&= Ewyx
ß
D
s&=  wyxs=
ß
aqTvobtﬃs
= EwyxNxµàQ=qx
abToqtﬃs
=  wx
ß
D
sNs
=  wxsIs
=
ß
àR= S=qxaqToqtﬃs&= EwyxNxàQ=bx
aqTvoqts&= Ewyx
ß
D
sNs
=  wxsIsIs&= EwyxKs
= aqTvobtUx½àQ=qx
aqTvobtﬃs
=  wxNx½àQ=qx
abTobtﬃs&=; wyx
ß
D
sNs
=  wxQw àQ=qx
abToqtﬃs&=  wyx
ß
D
wiabToqtﬃs&=  wyx
ß
}
 [ﬃH^FNH^fTBFNHBXBDLf=ôDGMToﬃo"XlPN[ﬃHK]¶dA= aqTvobtﬃs
=¡wyx
ß
\BMNMIjﬃabH^M
\BJLJ!P.[ﬃH	B\lJGjﬃH^MµDG]P.[HF.\B]`UHKßñu4ts&=ﬀwyx
ß
à,w$
Re[ﬃDLJGHd,l\BFNDLHKM ReDLPN[ﬃDG]nPN[ﬃHDG]!P.H^FIl\BJIßñu4tﬃs
= Ewyx
ß
à w$ﬀ~ Ú
TVU
6W;'=?6Áh k/s"°¤¥W;¦4 ÑBÍrs|
Ý
ucwBuc}c}c}Qucwyx4ÍN¨Ì?²GÌ?¦Q ¢³«±B²ä³Ì?¦Q £°´  Gª¬Ìâ£ﬀ ´q±B²§cÌ?¦qÒçáDE±B¢Ñw3 |
Ý

?
áRâÝ
ß
C
r
²=y;"; ³ CE[ﬃH^]Ò DGMÎToﬃo"XgKTU]ﬃMIDGoﬃH^FR~äJ¿~äTﬃ~ä`ﬃ~nP.[ﬃHqUH^FIP.DLgKH^M­DG]EÈg^TUJGTUFIHKo«ñ~p2gKTU]MIP.FIjﬃg^PNDGTU]«\
UH^FIPNHQí¡Ù æ sÛIu¦¥x­`UH^PNMP.[ﬃHg^TUJGTUFØ
sÙ¯xqæðñ¬DfiÛ
ﬃ
ß
2¥¯s
ﬃ
ß
 wxEDìñZabTo7s&=®s¿tX= tUxõwyxQXRe[ﬃHKFIH
wñ
=öæ
áXâÝ
ß
\B]ﬃoY=®s¿tZ=5tUx  wæÛ­
á ¯
ß °
~	ÔvTUJLDL]ﬃ`­MIjﬃg[\gKTU]ﬃ`BFNjﬃH^]ﬃgKHDGM	P.[ﬃHZMN\BaqH\BMMITUJLDL]ﬃ`­P.[HZJGDG]Hc\BF
êDGTBﬃ[¤\B]!P.DL]ﬃHH^jﬃ\lP.DLTU]
Û
=
t
U¥s
=
t
Ewyxæ;zls&=®s¿tZ=  tBxÏ wyx4u
fTUFe\B]!DL]!P.HK`BHKF'z?~_JGJ©PN[ﬃHMNTUJLjP.DLTU]ﬃM TBfP.[DGM HKWj¤\?P.DGTB]7\lFNHTBfP.[ﬃHZfTUFIa(8!

¥ æ z
Û æ zls¿tX=; wyx
dS]TBP.[HKF2R2TUFIoﬃMKXPN[ﬃHg^TvTBFNoﬃDL]¤\lP.H^M*Ûµ\B]ﬃo¶¥TBfBHKFIPNHQínÙajﬃMIPM.\lPNDGMIfqÛÁﬁ¥æ,zls¿tX=3«tUxæ zBsÒewyxQ~
 [ﬃH^FNH^fTBFNHBXPN[ﬃHoﬃDGMﬂP\B]gKHH^PSR2HKHK]PSR*TBHKFIPNDGg^HKMgKTUJLTUFNH^o¬ñnDGMZ\?PZJGHK\BMIPÒ© wBX"Re[ﬃDGg[¬M.\?P.DGMﬂÕ¤HKMPN[ﬃHgKT?z
g[¤\B]]ﬃHKJFIHKjﬃMIHgKTU]ﬃMﬂP.FN\BDG]!Pc~Î [ﬃHMIHK¤\BFN\lP.DLTU]ŁgKTB]ﬃMIPNF.\BDL]WPDGMHK\BMNDLJL®M.\lPNDGMﬂÕ¤HKo¬!Æg^TU]ﬃMIPNFNjﬃgQP.DLTU]"~ãµDG]¤\lJGJLBX
MNDL]ﬃgKHP.[H\BJL`UTUFNDP.[ﬃa jﬃMNH^M\BMefH^RËg^TUJGTBFNMi\BMiDG]N.H^abab\cX'DLPiDGMiTUPNDGab\BJ©fTUFeToﬃo7l\BJLjﬃHKMiTBf
Òá,,\l]ﬃo
|
Ý
H=~
CE[ﬃHK]ÒDGMH^BHK]"X0P.[ﬃHq\BJL`UTUFIDLP.[aÈg^TyBHKFIMÎPN[ﬃHﬃDGoﬃDLabH^]ﬃMNDLTU]¤\BJ½`UFNDLo[ ReDP.[\P.HKMIMNH^JGJk\?P.DGTB]ŁTBf*ﬃ\BMNDLg
P.DLJGH^M[ÝTBf¯MNDLßKHeÒv ­Ò
XWHc\Bg[bgKTU]MNDGMﬂP.DL]ﬃ`TBf¤MIjﬃvz{PNDGJLHKMTBf¯MNDLßKH
á
ß
 
á
ß
~±FIHKg^DGMNH^JLBXv\lMoﬃHKﬃDLg^PNHKo,DL]qãµDG`UjFNHetvX
P.[H,JGHQfPIz{jﬃﬃHKF\B]ﬃo«PN[ﬃH,FIDG`U[!PIz{JGTR2HKFgKTUFI]ﬃHKFIMTBf7[ \lFNH,g^TUJGTBFNHKo!MIjﬃvz¿P.DGJLH>w
Ý
X½Re[ﬃDLJGHP.[ﬃHbJGH^fPﬂzSJLTyR2HKF
\B]ﬃo®FNDL`U[!PIz{jﬃﬃHKF gKTBFN]ﬃH^FNMe!MNjﬃvz¿P.DLJGH]w
ß
~
CE[ﬃHK]EÒô\l]ﬃo\= \BFNH7H^UH^]"X\lM,MN[TyRe]EDL]Ýµ\lﬃJGHwUX ¯TlP.[5w
Ý
\B]o5w
ß
\BFNHgKTUJLTUFNH^o FNTRÏ! FITRX
\BMIMNDG`B]ﬃDG]ﬃ`ÎgKTBJGTUFIM2MIHK¤\BFN\lP.H^oHQí\BgQP.JLq!E= P.T\l]WPSR2TgKTB]ﬃMNH^gKjPNDLUHBHKFﬂP.DGg^HKM^~	_gKg^TUFNoﬃDL]ﬃ`PNT&.HKaqab\ﬃX
w
Ý
MﬂP\BFﬂP.MfFITUa ñn\B]ﬃoMN¤\B]MZ\BJGJ"PN[ﬃHHQUHK]Æl\BJLjﬃHKMDG]®P.[ﬃHF.\B]ﬃ`BH ßñu­
áO¯
ß
°
à w$ﬀXRe[DGJGHew
ß
MﬂP\BFﬂP.MfFITUaw
\B]ﬃo®MNﬃ\B]ﬃMi\BJGJ¯P.[ﬃHToﬃoB\lJGjﬃH^MiDL]nP.[ﬃHFN\B]ﬃ`UHßñu­
á
¯
ß
°
àÝw$ﬀ~
CE[ﬃHK]ÒÊDLMH^UH^]\B]ﬃo]= DLMÎToﬃo"X\BMMI[ﬃTRe]DG]¬½\BﬃJGHbtvX0TBP.[Ew
Ý
\l]ﬃow
ß
\BFIHb\l`!\BDG]¬g^TUJGTUFIHKoFNTR
!¬FNTRX
\lMNMNDL`U]ﬃDL]ﬃ`gKTUJLTUFNMMNH^¤\BFN\lP.H^oHQí\BgQP.JL¬!^= PNT\B]!¬PSR2TgKTB]ﬃMNH^gKjPNDLUHqUH^FIP.DLgKH^MK~dS]PN[ﬃDGMgK\BMNHlX
\Bg^gKTUFIoﬃDG]ﬃ`nPNTﬁ.0H^abab\>ﬃX0\BJLJ½PN[ﬃHgKTU]MNHKg^jP.DUHqajﬃJP.DGJGHKMTBf_= aqTvoQ­
áO¯
ß
°
`UHK]ﬃH^F.\lPNHq\nMNDG]`UJGHMIHKWjﬃH^]ﬃgKH
TBfoDGMIPNDG]ﬃgQP¡­
á
¯
ß±°
l\BJLjﬃHKMiDG]®P.[ﬃHF.\B]`UH ßñu­
á
¯
ß±°
à wO¿X'ReDLPN[7P.[HÕ¤FIMIPZ[¤\lJLf
Tlf
P.[ﬃHMNH^jHK]ﬃg^Hqg^TUJGTBFNDG]`w
Ý
X
MIP.\BFIPNDG]ﬃ`fFITUaÇñXﬃ\B]ﬃoP.[ﬃHMNH^gKTU]o[¤\BJfTBf½PN[ﬃHMNH^jHK]ﬃg^HgKTUJLTUFNDL]ﬃ`cw
ß
XﬃMﬂP\BFﬂP.DL]ﬃ`fFNTUa
á$¯
B
= aqTo
­
á$¯
ß±°
~
p2P.[ﬃH­gKTU]ﬃMﬂP.FIjﬃg^PNDGTU]7MN[ﬃTRe]ŁDG]ãµDG`BjﬃFNH­tb\B]oP.[ﬃHÎf\Bg^PP.[¤\?PcX¯\BMﬃFITUHKoŁDL]N.HKaqab\vﬃX¤w
Ý
\B]o[w
ß
gKTB]ﬃMNDLMIPTlf	\BJGJ0oﬃDLMIP.DL]ﬃg^Pil\BJGjHKMKX¯DLPDGMiHc\BMﬂ7PNTnMNH^H­P.[ﬃ\lPPN[ﬃH­MN\BabHgKTUJLTUFiDGMFIHKjﬃMIHKoŁDL]7PSR2TnUHKFﬂP.DLgKHKMTBf
Re[ﬃDLg[\BFIHHQí\Bg^PNJL\?PeoﬃDGMﬂP\B]ﬃg^HÒ
X¤\B]ﬃoP.[HKFNHQfTUFNHZPN[ﬃHgKTlz{g[¤\B]ﬃ]ﬃH^J0FNHKjMNHÎgKTU]ﬃMﬂP.FN\BDG]!PeDGMBHKFIDLÕ¤H^o"~
wUw
SS
S
S1
1
2
2
ã½DG`UjﬃFIHÎti¢_ P.DLJGH`[ TBfµMIDGß^HÎÒU ÒgKTB]ﬃMNDLMIP.DL]ﬃ`TBfqMIjﬃvz¿P.DGJLHKM HK\Bg[TBf½MNDLßKH
á
ß
 
á
ß
~
dS]TBFNoﬃH^FP.Tg[ﬃHKgVŁPN[¤\lPZP.[HqMIHK¤\lF.\lPNDGTU]Łg^TU]ﬃMIPNF.\BDL]!PDLMZ\BJLMNTUH^FNDLÕﬃHKo"X0]ﬃTBPNHP.[¤\lPDL]ﬃMNDLoﬃHcw
Ý
\B]ﬃoEw
ß
PSR2TngKTU]MNHKg^jP.DUHBHKFIPNDGg^HKMTU]®P.[ﬃHM.\BaqH­FITRË`UH^PiPSR*Tg^TUJGTBFNMiMNHKﬃ\BF.\lPNHKoÆ!a=XRe[ﬃDLJGHPSR*T,gKTU]ﬃMIHKg^jP.DUH
UH^FIPNDGgKH^MTU]®P.[ﬃHM.\BaqHÎgKTUJLjﬃab]7\BFIHMIHK¤\BFN\lP.H^oÆ!¡dnæI=7s
á
ß
à wxQX¤ReDLPN[b=® dﬀ
á
¯
ß
X'Re[ﬃH^]ÆÒá;~ d{P
FNH^a,\lDG]ﬃMPNTbMI[ﬃTR P.[¤\?PiPN[ﬃHÎMNHKﬃ\BF.\lPNDGTU]®gKTB]ﬃMIPNF.\BDL]WPi[ﬃTBJGoﬃMi\BJLMNTTU]P.[ﬃH¯TUFIoﬃHKFiJGDL]ﬃHKM H^PSR2HKH^][w
Ý
\l]ﬃo
w
ß
~	OTlP.HPN[¤\lP MIDG]ﬃg^HZÒDLMH^BHK]"X|­
á
¯
ß
°
æ
á
¯
ß
\l]ﬃoY=öæ
á
ß
à wU~OiTBP.H\BJGMITP.[¤\lPDLfc= DLMH^BHK]P.[ﬃH^]Òá5*X
Re[ﬃDLJGHZDLf=çDLM TvooPN[ﬃHK]7Ò¬á ﬃ~
.H^Pd=çHÎHQUH^]"~
CË~ Jﬀ~ T~ `ﬃ~XPN[ﬃHMNHKﬃ\BF.\lPNDGTU]H^PSR2HKH^]P.[ﬃHZfTUJLJGTReDG]`&¤\BDGFIM TBfµ\Bo?ÉN\Bg^HK]!PeUHKFﬂP.DLgKHKMiDGM HQl\BJGj¤\?P.HKo¤¢
wU~eÙnæ s
á
ß
à wBu¦¥x\B]ﬃo®Úæ s
á
ß
u¦¥x4X
tv~eÙnæ s
á
ß
à wBu
á
ß
¥x \B]ﬃoÚæ<s
á
ß
u
á
ß
¥x4X
~eÙnæ sÛIu
á
ß
à wyx\B]o7Úæ sÛIu
á
ß
x4X
ﬃ~eÙnæ sÛ¨
á
ß
u
á
ß
à wx\B]ﬃo®Úæ sÛ¨
á
ß
u
á
ß
x4~
e
j¤@K6kEY*TB]ﬃMNDLoﬃHKFeÙæ s
á
ß
à wUu§¥vx\l]ﬃo7Úæ s
á
ß
u¦¥xQ~%ﬃMIHKFﬂvDL]ﬃ`qµ\BJGHwUX
sﬀØ
sÙ¯x½à¡Ø
sÚvxNxµaqTvo
áO¯
ß
D
ÃsIs
á
ß
à wyx
á
ß
¥xf=õà só¥ﬂ= EwyxüÅÎaqTvo
á
¯
ß
D
ÃÃ
á
ß
à w$Å
á
ß
= àÝw$Å­aqTvo
áO¯
ß
D
Ò
Ã
á
ß
àÝw
Å
ß
á
ß
àÝwOÖŁabTo
á
¯
ß
D
Ã
á
ß
Ã
s
á
¯
B
àÒ wyxµaqToqÒ
Å
àÝw
Å
aqTvo
á
¯
ß
D
Ã
á
ß
Ã
s
á$¯
B
 wxµabToÒ
Å
à w
Å
aqTo
áO¯
ß
}
wyt
.H^Pdqæ s
á ¯
B
ÆwyxµaqTvoÒ
~½CE[ﬃHK]dqæ ñXs¿ØµsÙ¯xà,Ø
sÚvxIxµabTo
á ¯
ß
æ Ã
á
ß
dà w$ÅaqTvo
á ¯
ß
æ
á ¯
ß
à®w>g
=XU\l]ﬃo­P.[HKFNHQfTUFNH	P.[ﬃH2MNH^¤\BF.\?P.DGTB]­gKTB]ﬃMIPNF.\BDL]WP½fTUJGJLTReMK~CE[ﬃHKFIHc\BM^XURe[ﬃHK],w# d  Òà,wBXUTUﬃMIHKFIDL]ﬃ`
PN[¤\lP
á
ß
d àÆwÎÜ
á ¯
ß
XWDLP[ﬃTUJLoﬃMis¿ØµsÙ¯xàØ
sÚxIxµabTo
á ¯
ß
æ/Ã
á
ß
dà w ÅaqTo
á ¯
ß
æ
á
ß
d àÆwÎá
á
ß
àÆwæ*=X
\B]o®PN[ﬃHKFIH^fTUFIHPN[ﬃHMNH^¤\BF.\?P.DGTB]®g^TU]ﬃMﬂP.F.\lDG]!P fTUJGJLTReMK~
e j¤@K6[}ôY*TB]ﬃMNDLoﬃHKFeÙæ s
á
ß
à wUu
á
ß
¥x \B]ﬃoÚæ<s
á
ß
u
á
ß
¥xQ~%ﬃMIHKFIDL]ﬃ`b½\BﬃJLHw
sﬀØ
sÙ¯x½à¡Ø
sÚvxNxµaqTvo
á ¯
ß
D
ÃsIs
á
ß
à wyx
á
ß
¥xf=; weà)¥ﬂ=¶Å­aqTvo
áO¯
ß
D
Ã
á
ß
Ã s
á ¯
B
àÒ wyxµaqToqÒ Å Ew Å aqTo
á ¯
ß
D
Ã
á
ß
Ãs
á
ß
s
á
ß
abTobtUxÏ wxµabToÒ ÅKEw ÅÎabTo
á ¯
ß
}
d{f
á
ß
DLMHQUHK]©X"P.[ﬃH^]Ø
sÙ¯xà ØµsÚvxeæ
á
ß
 wEgI=~Zd{f
á
ß
DLMToﬃo"XP.[ﬃH^]Ø
sÙ¯xàÝØ
sÚvx æ
á
¯
B

á
ß
 wUX
MIDG]ﬃg^H
á$¯
B

á
ß
Ýw]
á$¯
ß
àÊwU~_`!\lDG]"XØ
sÙ¯x0àØ
sÚxﬁgh= Df½Ò¬á5*Xﬃ\B]ﬃoP.[ﬃHZMIHK¤\lF.\lPNDGTU]g^TU]ﬃMIPNF.\BDL]!P
DLMUHKFIDLÕ¤H^o"~
e
j¤@K6[ªôY*TB]ﬃMNDLoﬃHKFeÙæ sÛNu
á
ß
à wyx\B]ﬃo®Úæ sÛNu
á
ß
x4~½%ﬃMIHKFﬂvDL]ﬃ`qµ\BJGHwUX
sﬀØ
sÙ¯x½à¡Ø
sÚvxNxµaqTvo
áO¯
ß
D
ÃsIsÛ¨ wx
á
ß
àÝwyxi=<à sÛ
á
ß
=; wyxÆÅaqTo
áO¯
ß
D
Ã
s
á
ß
àÝwyx
ß
à w
Å
aqTvo
á
¯
ß
æ
áO¯
B
àÒ¯}
iHK]ﬃg^HBX¯Ø
sÙ¯x½à¡ØµsÚvx*áH= Re[ﬃH^]7Òá5*~
e
j¤@K6b9õY*TB]ﬃMNDLoﬃHKFeÙæ sÛ¨
á
ß
u
á
ß
à wyx\l]ﬃo7Úæ sÛ¨
á
ß
u
á
ß
xQ~%ﬃMIHKFﬂvDL]ﬃ`qµ\BJGHwUX
sﬀØ
sÙ¯x½à¡Ø
sÚvxNxµaqTvo
áO¯
ß
D
ÃsIsÛ¨ wx
á
ß
àÝwyxi= Ewià sÛ
á
ß
=bxÆÅaqTo
áO¯
ß
D
Ã
s
á
ß
àÝwyxf=; w
Å
aqTvo
áO¯
ß
}
iHK]ﬃg^HBX¯Ø
sÙ¯x½à¡ØµsÚvx*áH=XﬃRe[ﬃHK]
á
ß
à wáõwBXP.[¤\?PeDGMKXvRe[ﬃHK]7Òá ﬃ~
p2MNDLabDLJk\BF\BFN`UjabH^]WPNMKX'TUﬃMIHKFﬂvDL]ﬃ`qµ\BJGH­tvX¤TU]ﬃHÎgc\B]7MN[ﬃTRôPN[¤\lPeP.[ﬃHÎMNH^¤\BFN\lP.DLTU]7g^TU]ﬃMﬂP.F.\lDG]!Pi[ﬃTUJGoM
\BJLMNTTU]P.[ﬃH]TUFNoﬃH^FeJGDG]HKM H^PSR2HKHK]Nw
Ý
\l]ﬃoNw
ß
Re[ﬃH^]b=çDLM Tvoﬃo©~ Ú
w+
j k l
.
ÉÊ
l
.
l
.nm
k
È¨ÉTÊ
j j k&o
1
l
.
ÉÊ
2
o
Ê
kpo
m
Ê
1
l
.
ÉTÊ
2
o
m
Ê
q q l
.
o
1
r
q
m
Ê's
l
.
ÉTÊ
2
o q l
.
o
m
Ê
1
r
q
m
Ê's
l
.
ÉTÊ
2
o
m
Ê
l
.
ÉTÊ
r
l
.
ÉÊ's l
.
o
r
l
.
ÉÊ's l
.
o
m
k&o
r
l
.
t
ÉTÊ's
o
r
l
.
ÉÊ's l
.
o
m
Ê
r
l
.
ÉTÊ's l
.
o
m
kpo
m
Ê
r
l
.
t
ÉÊ's
o
m
Ê
l
.
Ê
kpo
m
Ê
1
l
.
ÉTÊ
2
o
m
Ê
j kpo
1
l
.
ÉÊ
2
o
l
.m
q q l
.
o
m
Ê
1r
q
m
Ê's
l
.
ÉÊ
2
o
m
Ê
q l
.
o
1
r
q
m
Ê's
l
.
ÉTÊ
2
o
È ÉTÊ
r
l
.
ÉTÊ's l
.
o
m
Ê
r
l
.
ÉTÊ's l
.
o
m
kpo
m
Ê
r
l
.
t
ÉTÊ's
o
m
Ê
r
l
.
ÉÊ's l
.
o
r
l
.
ÉTÊ's l
.
o
m
k&o
r
l
.
t
ÉTÊ's
o
½\BﬃJGHw£¢
Y*TUJGTBFNDG]`ÎTlf©P.DLJGH7[ÝRe[HK]nÒ7DGMH^BHK]\B]ou= DLM	HQUH^]"~_JGJﬃPN[ﬃHiTU¯H^F.\lPNDGTU]M2\lFNH P.TÎ¯HigKTB]ﬃMNDLoﬃHKFIHKo
aqTvo
á ¯
ß
~
j k l
.
ÉÊ
l
.
l
.m
k
È¨ÉTÊ
j j k&o
1
l
.
ÉÊ
2
o
l
.
t
o
r
l
.
t
m
k
s
o
r
l
.
t
m
l
.
ÉTÊ's
o
q q l
.
o
1
r
q
m
Ê's
l
.
ÉTÊ
2
o
r
l
.
t
m
q l
.
s
o
1
l
.
t
m
r
q
m
Ê's
l
.
ÉÊ
2
o
l
.
ÉTÊ
r
l
.
ÉÊ's
l
.
o
r
l
.
ÉÊ's
l
.
o
m
k&o
r
l
.
t
ÉTÊ's
o
r
l
.
.
É
l
.
s
o
r
l
.
.
É
l
.
m
k
s
o
r
l
.
.
ÉTÊ's
o
l
.
l
.
t
o
r
l
.
t
m
k
s
o
r
l
.
t
m
l
.
ÉTÊ's
o j k&o
1
l
.
ÉTÊ
2
o
l
.m
q
r
l
.
t
m
q
l
.
s
o
1
l
.
t
m
r
q
m
Ê's
l
.
ÉÊ
2
o
q
l
.
o
1
r
q
m
Ê's
l
.
ÉTÊ
2
o
È ÉTÊ
r
l
.
.
É
l
.
s
o
r
l
.
.
É
l
.
m
k
s
o
r
l
.
.
ÉTÊ's
o
r
l
.
ÉÊ's
l
.
o
r
l
.
ÉÊ's
l
.
o
m
k&o
r
l
.
t
ÉTÊ's
o
½\BﬃJGHti¢Y*TUJLTUFNDL]ﬃ`ÎTBfP.DLJGH@[ERe[ﬃHK]ÒÆDLM*HQUHK]®\B]ov=öDGM*Toﬃo"~_JGJ¤P.[HTUHKF.\?P.DGTB]ﬃM*\lFNHPNTHgKTB]ﬃMNDLoﬃHKFIHKo
aqTvo
á
¯
ß
~
OTBPNH
P.[¤\?PcXy`UDLBHK]Î\B]!Z|
Ý
áôwUXcPN[ﬃH2mFIDGovzSrisﬀ|
Ý
ucwUuc}K}c}^uKwyxSz{gKTUJLTUFNDL]ﬃ`\BJL`UTUFIDLP.[a MNTUJUHKMPN[ﬃHrisﬀ|
Ý
uKwUuc}c}c}Qucwyx{z
gKTBJGTUFIDG]ﬃ`ÎﬃFNTBﬃJGH^a:fTBF2HQUHKFﬂnÒá tB|
Ý
wjﬃMNDL]ﬃ`\BM	fH^R gKTBJGTUFIM*\BM	P.[ﬃHrs3wUucwUuK}c}c}QucwyxSz{gKTUJLTUFNDL]ﬃ`ﬃFNTBﬃJGH^a7~
dS]¤\BFﬂP.DLgKjﬃJG\BFKX½`UDLBHK]|
Ý
æÈtvX
P.[ﬃHn\B¯TBH\BJG`BTUFNDP.[ﬃaMITUJLBHKMP.[Hris¿tvucwBuc}c}c}Qucwyx{zSgKTBJGTUFIDG]ﬃ`®ﬃFNTBﬃJGH^aìfTBF
H^BHKFﬂ«Ò á 0v~n [ﬃHbTU]ﬃJLB\lJGjﬃH^MTBf2P.[ﬃHbFNH^jﬃMNHboﬃDGMﬂP\B]ﬃg^Hb]TBP­g^TUHKFIHKo!¬P.[H,\BTUH,\BJG`UTBFNDLPN[ﬃaÈRe[HK]
|
Ý
æ tÎ\BFNHiÒÆæ ­\B]o>ﬃ~iTyR2H^BHKF^XﬃDG]bMNjﬃg[gK\BMNH^MKXvPN[ﬃHrisﬀtvucwyx{z
\l]ﬃoris¿tvuKwUucwyx{zSgKTBJGTUFIDG]ﬃ`FNTUﬃJLHKaqM2[ﬃ\Bo
HKHK],MNTUJUHKo!c6	\B]êH^]H^jUH^J©HQP \BJﬀ~ w 8ﬀ~ [ﬃHKFIH^fTUFIHBXvPN[ﬃHrisﬀtvucwUuc}K}c}KucwxSzSg^TUJGTBFNDG]`ZﬃFNTUJGHKa:gK\B]nH
TUPNDGab\BJGJMNTUJUH^o®fTUFe\l]Wl\BJLjﬃHZTBf½Ò
~
 [ﬃH,g^TUJGTBFNDG]`\BJG`UTBFNDLPN[ﬃaqMﬃFNH^MNH^]WPNHKo\BTUH,\BJGJLTyR \B]!ŁUH^FIPNHQíÚÆP.T®MNH^JLfkz3\lMNMNDL`U]DLP.Mg^TUJGTUFZDL]Ww,sﬂwyx
P.DLabHlX"ﬃFITyDLoﬃHKoŁP.[ﬃ\lPÚ7VW]ﬃTReMÎDLPNMFNH^Jk\lPNDLUH­¯TUMIDLPNDGTU]sÛNu¦¥xReDP.[ﬃDL]ÆP.[ﬃHﬃDLoﬃDGaqHK]MNDGTB]¤\BJ`UFNDLo"~d{f	P.[DGMDLM
]ﬃTBPP.[ﬃHgK\BMNHlX0PN[ﬃHFNH^Jk\lPNDLBH­TUMNDP.DGTB]ﬃMTBf2\BJLJPN[ﬃHUH^FIP.DLgKH^MÎgK\B]ŁHgKTUaqﬃjPNHKo¬!Ł\nMNDLabJGH­oDGMIPNFNDLﬃjP.H^o
\BJL`UTUFNDP.[ﬃa \BM fTUJLJGTReMsMNHKHP.[HÎH^]ﬃo®TBfÔHKg^PNDGTU]t­fTUFP.[HÎFNTUHKFi\BMIMNjﬃaqP.DLTU]ﬃM.xQ~
 [ﬃHgKTUaqﬃjP.\lP.DLTU],DLMMIP.\BFIPNHKo!,PN[ﬃHZjﬃﬃHKF3zSJGHQfP gKTBFN]ﬃH^F*UH^FIP.H4íDG]nPN[ﬃHZ]ﬃHQPSR*TUFIV'XﬃRe[ﬃDGg[DGM2P.[ﬃHTB]ﬃJL
UH^FIPNHQíVW]ﬃTReDG]ﬃ`DP.MZTUMNDP.DGTB]sﬀñu.ñ!xQ~_ög^TU]!P.FITUJabH^MNMN\B`UHDGMZMﬂP.FIjﬃg^PNjﬃFNH^o\BMxO>y sÚ'u%z|{?u.ÛNu§¥vx4X"Re[ﬃHKFIH"zZ{
\B]ﬃosÛNu§¥vxe\BFIHP.[H­`UH^TU`UF.\lﬃ[ﬃDGg\B]ﬃoFNHKJG\lP.DUHÎ¯TBMNDLPNDGTU]MiTlfÚ'X¯FIHKMNHKgQP.DUHKJU~iCE[ﬃHK]Ł\qUHKFﬂP.H4íÆÙŁFIHKgKH^DLBHKM
w 
O>y sÚ'u%z|{?u.ÛNu¦¥xZfFNTUa \ŁOTUFﬂP.[]ﬃH^DG`U[WTUjﬃFÚX
PN[ﬃHK]ÙgKTBabﬃjvP.HKMDP.MFNHKJG\lP.DUHb¯TUMIDLPNDGTU]EsÛ<wUu¦¥x\l]ﬃo
MNH^]ﬃoﬃM>OVy sÙ0u%z

u.ÛÏ wUu¦¥xMIT7\lMPNTﬃFNTB¤\B`!\lPNHP.[ﬃHg^TUabjP\lPNDGTU]ŁoTyRe]!R*\BFNoM­\BJLTU]ﬃ`nPN[ﬃHgKTUJLjﬃab]MTBf
P.[HÎ`BFNDGo©~dS]7P.[HÕﬃFNMIPiFITyRX¤[TyR2H^BHKF^X©DLfÚnDLMe\CHKMﬂPi]ﬃHKDL`U[W¯TUjFiTlfµÙŁ\l]ﬃoÛ
æ ñvXP.[ﬃH^]Ù7gKTUaqﬃjPNHKMeDLPNM
TUMNDP.DGTB]sﬀñu¦¥7 wxe\l]ﬃoMNHK]oﬃM`O>y sÙufz

uñvu¦¥EwyxQ~
d{P DGM*Hc\BMﬂ,P.T­MNHKHPN[¤\lPPN[ﬃHTUH^F.\BJLJ©]WjﬃaHKF*TBfabH^MNM.\l`UHKM FIHKWjﬃDGFIHKoDLM@wnsYV
z^xRe[DGJGHiP.[ﬃHPNTBP\lJPNDGaqHDLM
wnsYV z^xQXB\BMNMIjﬃabDL]ﬃ`PN[¤\lP\abH^MNM.\l`UHFNHK\Bg[ﬃH^MDLP.M½oﬃHKMﬂP.DL]¤\lP.DLTU]DL]}wns3wyx0PNDGaqHB~½ÔvDL]ﬃgKH*PN[ﬃHKFIH \BFIHV
zUH^FIPNDGgKH^M
DG]PN[ﬃH`UFNDLo7\l]ﬃo®PN[ﬃH`UFNDLooﬃDk\BaqH^PNHKFDLMJwns\Vz^xQXﬃPN[ﬃHg[¤\B]ﬃ]ﬃH^J\BMNMIDG`U]ﬃaqHK]!PefTUFe\BJLJ©P.[HBHKFﬂP.DGg^HKMigc\B]®H
HKFIfTBFNaqHKoŁDG]¬\oﬃDLMIPNFNDGjP.H^oÆf\BMN[ﬃDLTU]ŁMNT®\BMPNTFNHKWjﬃDLFNH\B]ŁTBP.DLa,\BJ0P.DLabH\B]ﬃo\B]ŁTUPNDGab\BJ]ja¯H^FZTBf
aqHKMNMN\B`UH^MK~
~ 
 L M&J5,
Ib
evJKqcN UqÇH<J Jc)JOM9¶c)P
_ç¨¥Q²² Ð²±B¦i³B¦Q ÑO Tlf½MIDGß^H<Ve ﬀz?XReDP.[ Vá t\B]oﬀzá tXﬃDGMTBP\BDL]ﬃHKonfFITUaÇ\DGoﬃDLabH^]ﬃMNDLTU]¤\BJ`UFNDLo© TBf
P.[HqMN\BaqHMNDGß^Hq\Bjﬃ`UaqHK]!P.DL]ﬃ`nP.[HqMIH^PÎTBf2HKoﬃ`BHKMReDLP.[¬JLH^fPIz¿P.Tlz{FNDL`U[!PÑB ±³Ì?¢±B²'gKTB]ﬃ]ﬃHKgQP.DLTU]ﬃMK~bÔvHKg^DLÕ¤gK\BJGJUX
Hc\lg[qBHKFIPNHQíbÙæ<sÛIu¦¥xµTBf3O DLM\BJGMITZgKTU]]ﬃHKgQP.HKoqP.TZP.[HeBHKFﬂP.DGg^HKM	Úæ sÛ!àÆwUu¦¥àÆwyx
\l]ﬃoæ sÛwUu§¥¬wyxQ~
H^]ﬃgKHlX'Hc\Bg[UH^FIP.H4í7[¤\BMeoﬃHK`BFNHKH*X¤H4ívgKHKvPfTUFPN[ﬃHZUH^FIP.DLgKH^MTU]PN[ﬃH¯TUFIoﬃHKFIMK~
_]TUPNDGab\BJ	MNTUJLjP.DLTU]«fTUFPN[ﬃHrisﬀ|
Ý
u.|
ß
x{zSgKTBJGTUFIDG]ﬃ`7ﬃFNTUJGHKa TU]gKH^JGJLjﬃJk\BF`UFNDLoﬃM[¤\lM¯H^HK]ﬃFNTDGoHKo
!N6	\B]¬êH^]iHKjBHKJH^PÎ\lJ¿~ w+8¿~dS]¬PN[ﬃHfTUJGJLTReDG]ﬃ`ﬃX¯\B]¬TUPNDGab\BJMNTUJLjP.DLTU]fTUFPN[ﬃHqris¿tvucwBucwyxSz{gKTUJLTUFNDL]ﬃ`
ﬃFITUﬃJGH^açDLM ﬃFNH^MNHK]!PNHKo"~
g6ihEhEj]s"°¤¥Q¦¥i Gª±B¢ris¿tucwUucwyx4ÍN¨Ì?²GÌ?¦4 ¢³Ì3§±b¨¥Q²² Ðv²±B¦2³B¦4 ÑO Ì3§ªQ ¬«?¥V ¶z m
ø £°#Vá5±B¢Ñ<zá im
Ì?¢¤²uq   §iòáôwUwnr
²Î=?;©;¨³ mZDLBHK]7PN[ﬃHÎgKHKJLJGjﬃJG\BF `UFIDGoCO æ:s¿èué­xQX'gKTU]MNDGoHKFPN[ﬃH\Bjﬃ`UaqHK]!P.H^oÆ`UFN\Bﬃ[7å>tS
B
æ:s¿èué xi\l]ﬃo
P.[HZMNjﬃﬃ`BF.\Bﬃ[CŁÇTBfO DLJGJGjMIP.FN\lP.H^onDG]nãµDG`UjFNH<~_JGJP.[ﬃHwytBHKFﬂP.DGg^HKMeTBf(Ł×\BFNHZa­jP.j¤\lJGJLb\lPoﬃDGMﬂP\B]ﬃg^H]
TUFJLHKMIMKX'\B]ﬃonPN[ﬃH^,fTUFNa \gKJGDLWjﬃHDG]åtS
B
~H^]ﬃgKHlXﬃP.[ﬃHQajﬃMﬂPe¯H\lMNMNDL`U]ﬃH^oPNT\BJGJ¯oﬃDLÓ¯HKFIHK]!PegKTBJGTUFIMKXﬃ\l]ﬃo
òáôwUwU~ Ú
ãµDG`BjﬃFNH¡«MN[ﬃTReM[ﬃTR P.Tg^TUJGTBFbP.[HÆMNjﬃ`UF.\B[HŁ DG] MIjﬃg[%\R\cÊP.[¤\lPbP.[ﬃHg[¤\B]ﬃ]ﬃH^JMNH^¤\BFN\lP.DLTU]
gKTB]ﬃMIPNF.\BDL]WPDLMnUH^FNDLÕﬃHKoEfTUFH^BHKFI PSR2TÊ\Bo?ÉN\Bg^HK]!PUHKFﬂP.DLgKHKM^~ ﬃ®TUFNH^TyBHKF^XZãµDG`BjﬃFNH)MN[TyReM7\gKTUaqﬃJLH^P.H
w0
23
1
4
0
5
6
11
87
9
10
ãµDL`UjﬃFNH]i¢	 [HMIjﬃﬃ`UFN\Bﬃ[bŁ TBfO Re[ﬃTUMNHUH^FIPNDGgKH^MifTBFNa×\gKJLDGWjﬃHZDG]7åS
B
X'\B]ﬃo7\B]7TBP.DLa,\BJ"rsﬀtvucwUuKwyxSz
gKTBJGTUFIDG]ﬃ`fTUF DPc~
gKTBJGTUFIDG]ﬃ`TBfµ\gKH^JGJGjJk\BF`BFNDGoKO TBP\BDL]ﬃHKo®!FNH^ﬃJGDLgc\lPNDG]ﬃ`PN[ﬃHgKTUJLTUFNDL]ﬃ`fTUFPN[ﬃHMNjﬃﬃ`BF.\Bﬃ[aŁ~OTlP.HZP.[¤\?P
P.[Hg[¤\B]ﬃ]HKJ
MIHK¤\BFN\lP.DLTU]Æg^TU]ﬃMIPNF.\BDL]!PDGMiUH^FNDLÕﬃHKoŁ]ﬃTBPTU]ﬃJLfTBFP.[H­UH^FIP.DLgKH^MZ¯H^JGTU]ﬃ`BDG]ﬃ`P.THK\Bg[ŁgKTU!7TBf
ŁXﬃjP\BJGMITfTBFP.[ﬃHZUH^FIPNDGgKH^MHKJLTU]ﬃ`UDL]ﬃ`­PNTqPN[ﬃH¯TUFIoﬃHKFIMeTBf½PSR2TqgKTU]!P.DL`UjﬃTUjMig^TUﬃDLHKM TBf(Ł~
ã¤TUFNab\BJGJUXWP.[ﬃHg^TUJGTUFIDG]ﬃ`­TBf
\gKH^JGJLjﬃJk\BF2`UFNDLogc\B]HÎoHKMNg^FNDL¯H^oÆ\BMfTUJLJGTReMK~
ÜTÝ4ÞXßpà¦á(â§ã+äWnBÝﬂÝ4+ÝXà\çðènê
ß
S
Ý
S
Ýî
çéï¦ßOÝ4ßpà¦áìñ$Þê
tS¬ò§Sðô
îðõ
öE ø
òn
B
Bû
ôA
B
ý þéß% 
§ùéùé÷bþóú3 
ðß( óþ' (
Í
ê
ß
S
î
þóß \ú:ú
 ê

î
Í
)+
+
+
+
+
+
+
+
+
+
+
+
+
,
+
+
+
+
+
+
+
+
+
+
+
+
+-
Î
÷ ø
ê
ß


î&ß
ﬀ
úüû3
S
ß
÷:ù  
S
Bû

÷:ùﬂ  
Ý
÷ ø
ê
ß


î
Î
ﬀ
úüû3
S
ß
÷:ù  
S
Bû

÷:ùﬂ  
ß
÷ ø
ê
ß


î
B
ﬀ
úüû3
S
ß
÷:ù  
S
Bû

÷:ùﬂ  

÷ ø
ê
ß


îÝ
ﬀ
úüû3
S
ß
÷:ùúüûBû
S
Bû

÷:ù  
B
÷ ø
ê
ß


î

ﬀ
úüû3
S
ß
÷:ùúüûBû
S
Bû

÷:ù  

÷ ø
ê
ß


î

ﬀ
úüû3
S
ß
÷:ùúüûBû
S
Bû

÷:ù  
 ÷ ø
ê
ß


î

ﬀ
úüû3
S
ß
÷:ù  
S
Bû

÷:ùnúüûBû

÷ ø
ê
ß


î&ß
ﬀ
úüû3
S
ß
÷:ùúüûBû
S
Bû

÷:ùÁúüûBû

÷ ø
ê
ß


î
B
ﬀ
úüû3
S
ß
÷:ùúüûBû
S
Bû

÷:ùÁúüûBû

÷ ø
ê
ß


îÝ
ﬀ
úüû3
S
ß
÷:ù  
S
Bû

÷:ùnúüûBû
Ý
Î
÷ ø
ê
ß


î

ﬀ
úüû3
S
ß
÷:ù  
S
Bû

÷:ùnúüûBû
ÝªÝ
÷ ø
ê
ß


î
Î
ﬀ
úüû3
S
ß
÷:ùúüûBû
S
Bû

÷:ùÁúüûBû
TVU
6W;'=?6Áh }s"°¤¥ú2¥Q²² Ðv²±B¦4Íris¿tvuKwUucwyx4ÍN¨Ì?²GÌ?¦Q ¢³±B²ä³Ì?¦4 £°´ç GªÎÌâ£ﬀ ´q±B²y§cÌ?¦¨¥Q²² Ð²±B¦e³B¦4 Ñ?ªÌ3§iªQ ¬«?¥V]  z m
ø £°vVá ¬±B¢Ñezá  r
²Î=?;©;¨³ dS] TUFNoHKF,PNTﬃFNTUHÆPN[¤\lPnPN[ﬃHŁg[¤\B]]ﬃHKJMIHK¤\lF.\lPNDGTU] g^TU]ﬃMIPNF.\BDL]!PDGMqUHKFIDLÕ¤H^o"XDPnDLM,jﬃMIH^fjﬃJPNT
DG]!PNFNToﬃjﬃgKHP.[HYŁ±B¢°±B£ﬀ£¿±B¢ÊÑB GªQ£{±B¢©¨¥`sÙ0u.ÚvxH^PSR2HKHK]\l]W¬PSR2T7BHKFIPNDGg^HKM­Ù\B]ﬃo«Ú'XRe[ﬃHKFIHusÙ0u.ÚvxDLM
P.[HZJGHK]`BP.[TBf½\MN[TUFIPNHKMIPi¤\?P.[H^PSR2HKHK]7Ù\l]ﬃoÚbDL]ﬃgKJLjﬃoﬃDG]`TU]ﬃJ,[ﬃTBFNDGß^TU]!P\BJ©\B]ﬃoUH^FIPNDGgc\lJ"HKoﬃ`BHKMKXﬃPN[WjﬃM
HQívg^JGjﬃoﬃDL]ﬃ`qoﬃDk\B`BTU]¤\BJ"H^oﬃ`UH^MK~eOTRX\B]!PSR*TbgKTU]MNHKg^jP.DUHgKTUJLTUFNMi\BFIHg^TU]ﬃMNDLoﬃHKFIHKo\B]ﬃoDP ReDGJLJ¯HﬃFITyBHKo
P.[ﬃ\lPMNjﬃg[¡gKTBJGTUFIMgc\B]]ﬃTBPH\BMNMIDG`U]ﬃH^oP.TÆPSR2T«\BoyÉN\BgKH^]WPBHKFﬂP.DGg^HKM^~ã¤TUFHQí\BaqﬃJLHBXgKTU]MNDGoHKFP.[H¤\BDGF
TBfgKTUJLTUFNMqt¬\B]ﬃo~_×UH^FIPNHQí¡Ù%æ sÛNu§¥vx­`BH^P.MPN[ﬃH7g^TUJGTBFt¬Df\B]ﬃo¡TU]ﬃJL«DLf¯TlP.[ÛÎ\B]ﬃo¥«\BFIH®HQUH^]"X
w+*
\B]ﬃoÛT¥:D ÎabToc*X½Re[DGJGHq\UHKFﬂP.H4íÚæs&uZdﬃxDLMg^TUJGTBFNHKo7Df \B]oTU]ﬃJŁDLf@DLMTvoﬃo©XadDLMHQUH^]"X
\B]ﬃov dYDçweaqTvov*~ [H­UH^FIP.DLgKH^MZÙ¬\B]ﬃoŁÚabDL`U[!PHKJLTU]ﬃ`qP.T,PN[ﬃHM.\labHgKTUJLjﬃab]©X¯ﬃjvPP.TnoDLÓ¯HKFNH^]!P
FNTReM^~dS]PN[ﬃDGMigc\lMNHBXP.[ﬃH^DGFioﬃDGMﬂP\B]gKH­DLM\?PJLHc\BMﬂPK~edS]PN[ﬃH­gK\BMNHÎP.[¤\?PPN[ﬃH^7oﬃT,]TBPHKJLTU]ﬃ`P.TbPN[ﬃH­MN\BaqH
gKTBJGjﬃaq]"X©PN[ﬃH^¬[¤\cBHﬃ7\B]ﬃ[¤\lPIP\B]oﬃDLMIP\l]ﬃgKH"sÙuNÚxæ~~H^]ﬃgKHlXPN[ﬃHUH^FIP.H4íÚ7Re[ﬃDLg[DLMZgKJLTUMNH^MIPP.TÙ
\B]ﬃo\lMNMNDL`U]ﬃH^oP.TÆg^TUJGTUF#ÆDGMÚæ sÛËwUu¦¥& tUxQX\lMDGJLJGjﬃMﬂP.F.\?P.HKoDG]ãµDG`UjFNH~)1ZHKHKDG]ﬃ`PNF.\BgVTBfeP.[H
oﬃDG\B`UTU]¤\lJHKoﬃ`UH^MKXP.[ﬃH­\Bg^PNj¤\BJoﬃDGMﬂP\B]ﬃg^HësÙ0u.ÚvxDGMtvX\B]ﬃo7P.[ﬃH^FNH^fTBFNHPN[ﬃH­g[ﬃ\B]ﬃ]ﬃH^JµMNH^¤\BFN\lP.DLTU]g^TU]ﬃMIPNF.\BDL]!P
DGM*MIP.DLJGJUHKFIDLÕ¤H^o"~_]®\B]¤\lJGTU`UTBjﬃM\BFI`UjﬃaqHK]!Pegc\l]®HZFNH^¯HK\lP.H^ofTUF \B]!¤\lDGF*Tlfµg^TU]ﬃMNH^gKjPNDLBHÎg^TUJGTBFNM|z\l]ﬃo
zaEwUXﬃReDLPN[7ñ¶5zKôwñv~
½TŁMI[ﬃTR:P.[¤\lP­P.[ﬃHbgKTlz{g[¤\B]ﬃ]ﬃH^JFNH^jﬃMNHg^TU]ﬃMﬂP.F.\lDG]!P[ﬃTBJGoﬃM^X
TU]ﬃHn]TBP.H^M­P.[¤\?P­PSR2TÆUHKFﬂP.DLgKHKMÙÊæ sÛIu¦¥x
\B]ﬃoÚæ<sp"uXdﬃx*`BH^P P.[HZM.\BaqHZgKTUJLTUFDfµ\l]ﬃoTU]ﬃJL,DLf0P.[HKDGF|ﬃ\B]ﬃ[¤\?PNP\l]®oDGMIP.\B]ﬃg^HsÙ0u.Úvxæ,*X¤\l]ﬃo¯TBPN[
Þ ÛµàHµÞ©\l]ﬃo%Þ ¥qà5d0Þ©\lFNHqH^UH^]"~êjﬃHP.T®P.[ﬃHqoﬃDG\B`UTU]¤\lJ
HKoﬃ`BHKMKXP.[ﬃHb\BgQP.j¤\BJoﬃDLMIP.\B]ﬃgKHbësÙ0u.ÚvxDGMÎ\lPÎJLHc\BMﬂP
ﬃ~edS]ﬃoﬃH^HKo"XP.[ﬃH­\Bg^PNj¤\BJ0oﬃDLMIP\l]ﬃgKH­ë¯sÙ0u.Úvx g^TUjﬃJLoHeRe[ﬃHK]sÙuNÚx2æ *X¯jPDL]®PN[ﬃDGMigc\BMIHÞ Û0à µÞﬃ\l]ﬃo
Þ ¥ÎàQdÞgc\l]ﬃ]ﬃTBPeH¯TBPN[7HQUH^]"~
 [ﬃHÎTUP.DLa,\lJGDLPSfTBJGJGTReMfFITUa PN[ﬃHJGTR*H^Fe¯TUj]ﬃoMN[ﬃTRe]DL]ﬁ.0H^abab\c0v~ Ú
ãµDG]ﬃ\BJGJUX¤]ﬃTBPNH­P.[ﬃ\lPcX'Re[ﬃHK]ŁPN[ﬃHBHKFIPNDGg^HKMZoﬃTn]TBPDL]ﬃDLPNDk\BJLJLbV]TyRËPN[ﬃHKDLFFNH^Jk\lPNDLBHTUMNDP.DLTU]®ReDP.[ﬃDL]P.[H
gKH^JGJLjﬃJk\BFe`UFIDGo"X¯\noﬃDLMIP.FIDGﬃjvP.HKo\BJG`BTUFNDP.[ﬃa×gK\B]Ł\B`!\lDG]HH4íH^gKjPNHKo"~ [ﬃH­gKTUaqﬃjP.\lP.DLTU]MﬂP.DGJLJ0MIP\lFIP.MfFNTUa
UH^FIPNHQí«sﬀñvuñ!xQXﬃjPiDLP FNTU¤\l`!\lP.H^Mi\BJGTU]`P.[ﬃHﬀIoﬃDG\B`UTU]ﬃ\BJGM 	TBf½PN[ﬃH`UFNDLo"~
¡ 
 L M&J5,
Ib
MŁ , 
w¨Ib
evJKqcN Uq£¢ cNvP
_:¦4 ¢³¥¤õTBfµMIDGß^H¦¬DLM\MIHKWjﬃHK]gKH­Tlf¦ŁUH^FIP.DLgKH^MKX'DG]ﬃoHQívHKo®gKTU]MNHKg^jP.DUH^JLfFNTUaçñPNTN¦®à wUX¤MNjﬃg[®P.[¤\?P
UH^FIPNHQí®ÛDGM g^TU]ﬃ]ﬃH^g^P.H^o7PNTbTBP.[BHKFIPNDGg^HKM­sÛà wyxµaqTvoN¦\B]ﬃosÛ¤EwyxµaqTvoN¦µ~
_]TUP.DLa,\lJµMNTBJGjPNDGTU]ŁfTUFPN[ﬃH,risﬀtvucwyx{zSgKTBJGTUFIDG]ﬃ`nFNTUﬃJLHKaðTB]FIDG]ﬃ`UM[¤\lMHKH^]«ﬃFITyDLoﬃHKo!mFIDG`U`UM
\B]ﬃo&-	H^[¡ wñ!ﬀ~µdS]PN[ﬃDGMMIHKg^PNDGTU]©X!TUP.DLa,\lJMITUJGjvP.DGTB]ﬃM\BFIH HQív[ﬃDGDLP.H^ofTUFµPN[ﬃHeris¿tvucwBucwyxµ\B]obris|
Ý
ucwUuK}c}c}QucwyxSz
gKTBJGTUFIDG]ﬃ`ﬃFITUﬃJLHKaqMTU]®FNDG]`UMK~
w
25
6
11
7
9
4
0
3
1
7
9
3
1
7
9
3
1
7
9
3
1
7
9
2
5
6
11
10
8
2
4
0
5
6
11
87
9
10
10
7
1
2
4
0
5
6
11
87
9
10
10
3
1
3
1
11
10
4
0
8
2
3
1
4
0
5
6
11
87
9
10
2
4
0
5
6
11
8
10
2
4
0
5
6
11
8
9
4
0
7
2
5 11
10
8
6
8
2
4
0
5
6
11
8
3
9
610
0
5
3
1
2
4
1
3
ã½DG`UjﬃFIHK¢%PNDGab\BJ"ris¿tucwUucwyx{zSg^TUJGTUFIDG]ﬃ`ÎfTUFe\gKH^JGJGjJk\BF`BFNDGoYO~
w+Ł
g6ihEhEj]§s"°¤¥Q¦¥Z Gª­±B¢ris¿tvucwBucwyxQÍN¨Ì?²GÌ?¦4 ¢³ §cÌ?¦­±q¦Q ¢³}¤ÈÌ?¢¤²uq  §O
ò7á
)+
+
+
,
+
+
+-
tﬃs¦à wyx   §M¦7æõwUutvuZ
   §M¦7æ ﬃuBŁuqÌ?¦M¦¬áôwyt
'
Ô#¨
ﬀ
úüû
B
?#©
6
C
Õ
  §70&\¦[õwBw±B¢Ñ>¦Sªæ;Ł
²Î=?;©;¨³ ã'TBFG¦[5X«¤%DLM*\gKJLDGWjﬃHl~
 [ﬃHKFIH^fTUFIHBXWUH^FIP.H4ínÛajﬃMﬂP*HigKTUJLTUFNH^ontlÛIXfTBF2ñ¶ ÛI\¦ÎàwB~2ã¤TUF
¦7æ ﬃXBW#.HKaqab\wUX?P.[ﬃH^FNH*DLM½]TZris¿tvucwBucwyxSz{gKTUJLTUFNDL]ﬃ`ReDLPN[ònæ;v~µiHK]ﬃg^HBXòá ﬃ~½ã¤TUF¦7æ;*vua\l]ﬃonwUwUX
MNDL]ﬃgKHe\l]W­TUPNDGab\BJrisﬀtvucwUucwxSzSg^TUJGTBFNDG]`jﬃMIHKM	\lPJLHc\BMﬂP\BM
ab\B]!g^TUJGTBFNM\BM
\B]TUP.DLa,\lJvris3wUucwUucwxSzSg^TUJGTBFNDG]`ﬃX
P.[HqJLTR*H^FZ¯TUj]ﬃo¬TBf òoﬃHKFIDLUH^MÎfFITUaÈPN[ﬃHJGTR2HKFTUjﬃ]ﬃo¬ﬃFITyBHKoDG](!¿~ã½DG]¤\BJLJLBXfTUF¦æÇ0u#Łvu#8vuwñ
\B]ﬃov¦¬áôwytXvP.[HZJGTR*H^FTUjﬃ]ﬃoTBfµòoﬃHKFIDLUH^MfFNTUa:P.[HJGTR2HKF TUjﬃ]ﬃoﬃFITUHKoDL]U wñMNDL]ﬃgKH\B]!nTUPNDGab\BJ
ris¿tvuKwUucwyx{zSgKTBJGTUFIDG]ﬃ`jﬃMNH^M\lPeJLHc\BMﬂPi\BMea,\l]WngKTUJLTUFNMe\BMe\l]7TUvP.DGab\BJ©rsﬀtvucwyx{zSg^TUJGTUFIDG]ﬃ`~ Ú
ÜTÝ4ÞXßpà¦á(â§ã+ä]¬Táﬂñ$ÞXçéèÁê
ß
S
Ý
S
Ýî
çéïÆßOÝ(ßOà§áìñ$Þê­
S
¨
îðõ
Ý®
÷ ø
¨
Í
Ý
S
ß
S

§ùéùé÷Tþéú0 &éß( óþ' 
ß
þéß Yú:ú
$ê
ß
î
Í
ß
ß
õ
ß%®
÷ ø
¨
Í
3§ùóùé÷bþéú	 
ðßc 
¬þ 
ß
þóß 5Yú:ú
ß
Î
Ý ß

B

$ê
ß
î
Î
ß
B
Ý
 

®
÷ ø
¨
Í

§ùóùé÷bþéú	 
ðßc 
¬þ 
ß
þóß 5Yú:ú
ß
Î
Ý ß

B


$ê
ß
î
Î
ß
B

Ý
 
B
®
÷ ø
¨
Í
ÝªÝ
§ùóùé÷þóú3 
ðß( ¬þ 
ß
þóß Yú:ú
ß
Î
Ý ß

B



 
Ý
Î
$ê
ß
î
Î
ß
B
Ý
 
Î
ß
B
Ý


®
÷ ø
¨
Í
B
S

S

S

S
Ý
Î
ú
¨

Ýß
ý# ¸þ«¯
Í
B
1f°
©
6²±
â
ê
¨
ﬀ
ú û
B
î
2
ý³Bû(§ùéùé÷bþóú	 &éß óþ' 
ß
ú§ø
­
þóß Yú:ú
 ê
ß
î
Í
)+
+
,
+
+-
Î
÷ ø
ß

Î
ﬀ
úüû
B
Bû
ß|´
¯
S
ú
ê
ß
â
¯
îZ
Î
ﬀ
ú û

Bû
ß

¯
Ý
÷ ø
ß
&ß
ﬀ
úüû
B
Bû
ß|´
¯
S
ú
ê
ß
â
¯
îZ

ﬀ
ú û

Bû
ß

¯
ß
÷ ø
ê
ß
â
¯
îÝ
ﬀ
úüû

û
ß

¯

÷ ø
ß


ﬀ
úüû
B
Bû
ß|´
¯
S
ú
ê
ß
â
¯
îZ
B
ﬀ
ú û

Bû
ß

¯
B
÷ ø
ß
Ý
ﬀ
úüû
B
Bû
ß|´
¯
S
ú
ê
ß
â
¯
îZ¦ß
ﬀ
ú û

Bû
ß

¯
TVU
6W;'=?6Áh ªs"°¤¥Pµe ¢³BÍrisﬀtvucwUucwxQÍN¨Ì?²GÌ?¦4 ¢³b±B²ä³Ì?¦4 £°´Ç GªÌâ£ ´q±B²B§cÌ?¦Z¦4 ¢³?ª$r
²Î=?;©;¨³  [ﬃHnÕ¤FNMﬂPE¶UHKFﬂP.DLgKHKMq\BFIHngKTBJGTUFIHKoFNH^¯HK\lP.DL]ﬃ` ?
¨
B
C
àõs
¦aqTvocWxÎPNDGaqHKM­PN[ﬃHgKTUJLTUF­MIHKWjﬃH^]ﬃgKH
ñuBucwUuZnTBf*JGH^]ﬃ`BP.[UﬃX\B]ﬃo¬P.[HbTBPN[ﬃHKFIMFIHKHc\lPNDG]ﬃ`Y¦aqTvo¶P.DLabH^MPN[ﬃHMNH^jHK]ﬃg^Hñu4tvuﬃucwUuZnTlf*JLHK]ﬃ`BPN[
w+8
0 4
4
1
1
4
3
3
3
1
0
0
2
2
ãµDL`UjﬃFNH&0i¢7%P.DLa,\BJgKTBJGTUFIDG]ﬃ`qTUP.\BDG]ﬃH^oŁ!7PN[ﬃHhiDL]ﬃ`lzSrsﬀtvucwUuKwyxSz{gKTUJLTUFNDL]ﬃ`\BJL`UTUFNDP.[ﬃaÇfTBF\nFNDL]ﬃ`,Tlf2MIDGß^H
¦7æõw XﬃRe[ﬃHKFIH>¶Îæ,#ÃÁ?
Ý
B
B
C
à s3w abTo¶WxüÅ­æ,ﬃ~
0sMNH^HãµDG`BjﬃFNHe0UxQ~ÔvDL]ﬃgKHPSR2TnUHKFﬂP.DLgKHKMÛ*\B]o ¥`UH^PiP.[ﬃHM.\BaqH­g^TUJGTBFiTB]ﬃJLDf
P.[ﬃHQ7\BFNH­\lPoDGMIP.\B]ﬃg^He,TBF
0vX¤\l]ﬃoPSR*Tb\Bo?ÉN\Bg^HK]!PigKTUJLTUFNM*[¤\cUHÎ\`!\BTBfµ\lP JGHK\BMIPtXP.[ﬃHZg^TlzSg[ﬃ\B]ﬃ]ﬃH^JFIHKjﬃMIHÎ\B]ﬃog[¤\B]ﬃ]HKJMNH^¤\BFN\lP.DLTU]
gKTB]ﬃMIPNF.\BDL]WPNM[ﬃTUJGo©~%ﬃMIHKFﬂUHbPN[¤\lPP.[HqJG\BFN`BHKMIPÎg^TUJGTUFjﬃMNH^o«Re[ﬃHK] ¦¡æÇ*vu&vuwUwqDGM^X0FNHKMI¯H^g^PNDLUH^JLBX±0vXT*X
\B]ﬃo>0ZRe[DGg[nab\lP.g[HKMP.[ﬃHiJGTR2HKF	¯TUj]ﬃo,`UDUH^],!±
Ô
¨
ﬀ
ú û
B
?#©
6
C
Õ
~
dS],\BJGJﬃPN[ﬃHiTBP.[ﬃH^F2gK\BMNH^MKXﬃòæ ﬃ~
 [WjﬃM^X
TUPNDGab\BJGDPSfTUJGJLTReM W .0H^abab\¶*~ Ú
g6ihEhEj¸· ú2Ì?¢ªQ Ñ¥Q¦±7¦4 ¢³E¤ìÌ3§ªQ ¬«?¥¦ ±B¢Ñ®²G¥Q£ÒÝá ±B¢Ñb|
Ý
á wnrEs"°¤¥Q¦.¥ Gª±B¢Ærisﬀ|
Ý
ucwUuc}c}K}Kucwyx4Í
¨Ì?²GÌ?¦4 ¢³i§cÌ?¦J¤ÏÌ?¢¤²uq   §
ò7á
)+
+
+
+
+
+
,
+
+
+
+
+
+-
s¦à wyxI|
Ý
  §¹¦[5
¦à w   §lc\¦[ ÒE±B¢ÑbwE|
Ý

Ð
¨
ß
Ñ
à w
|
Ý

¨
ß
  §¹¦  Gª­¥poB¥Q¢¤uv\¦U Ò¯u±B¢Ñç|
Ý
á
Ð
¨
ß
Ñ
tB|
Ý
  §¹¦  Gª­ÌKÑ!ÑBu<0¶\¦U Ò¯u±B¢Ñç|
Ý
á
Ð
¨
ß
Ñ
Òà w
Ð
¨
ﬀ
úüû
á
°
©
È
±
Ñ
  §¹¦:g Ò
²Î=?;©;¨³ CE[ﬃH^]¦ X3¤ DLM\,g^JGDGWjﬃHlX©\l]ﬃoÆP.[WjﬃMZ\lJGJP.[ﬃHUHKFﬂP.DLgKHKMajﬃMIP`UH^P\,gKTUJLTUFiajﬃJLPNDGﬃJLHTBf|
Ý
~
 [ﬃH^FNH^fTBFNHBX¯ò7á<s¦àÝwyxI|
Ý
~
CE[ﬃHK]ﬁv\¦U Ò\B]ow]E|
Ý

Ð
¨
ß
Ñ
à wUX¤å
­
S
á
DLMe\g^JGDLjHB~ [ﬃH^FNH^fTBFNHBX'\lJGJ©PN[ﬃHUH^FIP.DLgKH^MajMIPe`UHQP
oﬃDÓ©H^FNHK]!PigKTBJGTUFIMKX¤\B]oPN[WjﬃMòá\¦à wB~
CE[ﬃHK]Q¦ÝDLM­HQUHK]©Xº¦ çÒE\B]ﬃo|
Ý
á
Ð
¨
ß
Ñ
X\BJLJ	PN[ﬃH,BHKFIPNDGg^HKMajﬃMﬂP`UHQPoﬃDÓ©H^FNHK]!Pg^TUJGTBFNMMIDG]ﬃg^H
Òá»¦½~*iTR*HQUHKF`¦g^TUJGTBFNMe\BFIHÎ]TBPiHK]ﬃTUj`U[7Re[ﬃH^]Æ|
Ý
á
Ð
¨
ß
Ñ
X'\BMeDLPeDGMi\BFI`UjﬃH^o7HKJLTyR !gKTU]!P.FN\BoﬃDLg^P.DLTU]"~
Ôvjﬃ¯TUMIHBX½DG]ﬃoﬃH^HKo"X0P.[ﬃ\lPV¦g^TUJGTUFIMÎ\BFNHqHK]ﬃTBjﬃ`U[\B]ﬃo«JLH^PÎÙ\B]oÚÆHP.[ﬃHPSR*T®UH^FIP.DLgKH^MP.[ﬃ\lPÎ`UH^PgKTUJLTUFNM
tBñ
Ø
sÙ©xæH¦à¬w\B]ﬃoØµsÚvxæ»¦Îà®|
Ý
à¬wUXFNH^MNHKg^PNDLBHKJLB~	ÔvDG]gKHJ¦á XWPN[ﬃHKFIHDLM	\ÎUH^FIPNHQí¯XMN\N¼XWgKTU]ﬃ]HKg^PNHKo
ReDLPN[Ú,MNjg[7P.[ﬃ\lPØ
s
¼x
æ »*\B]ﬃoÞ ¦nà|
Ý
à»àÝwÞWá |
Ý
}¤ [DGM DGaqﬃJLDGHKM	P.[¤\?PM¦à|
Ý
àE»½àÝwáE|
Ý
X¤MIDG]ﬃg^H
P.[Hgc\BMIHnà­s
¦à¡|
Ý
à»
à wxáË|
Ý
R2TUjﬃJGoŁFIHKWjﬃDLFNH#»áI¦µ~_MZ\,g^TU]ﬃMNH^WjﬃHK]ﬃg^HTBf½¦à¡|
Ý
àQ»àEwáË|
Ý
X
|
Ý

¨
â
Ì
âÝ
ß
FNH^MNjﬃJP.MKX!Re[ﬃDLg[,g^TU]!P.F.\loﬃDGgQP.M
P.[H[!¯TlP.[ﬃH^MNDGM	|
Ý
á
¨
ß
~
d{P	FNHKab\BDL]ﬃM
P.TMN[TyRÝ[ﬃTRÝab\B]!gKTUJLTUFNM
\BFIHiFIHKWjﬃDLFNHKo©~
CE[ﬃHK]E¦®DLMH^BHK]"XP.[ﬃH UH^FIPNDGgKH^M*TBf0¤%gK\B],He¤\BFﬂP.DLPNDGTU]HKoDG]PSR2T­DG]oﬃHKHK]ﬃoHK]!P*MIH^PNMw«\l]ﬃo
[ Tlf½PN[ﬃHM.\BaqHMNDGß^H
¨
ß
Re[ﬃDGg[®gKTU]MNDGMﬂPiTBf
\lJGJ¯PN[ﬃHH^BHK]BHKFIPNDGg^HKMi\B]ﬃo7\BJGJ¯P.[ﬃHToﬃoUHKFﬂP.DLgKHKM^X'FNHKMI¯H^g^PNDLUH^JLB~
TqjMNHP.[ﬃHaqDG]ﬃDLajﬃa:]WjﬃaHKF TBf½gKTUJLTUFNM^XP.[HBHKFﬂP.DGg^HKMiTBf±w¡ajﬃMﬂPe`UH^Pig^TUJGTUFIMï?ñucwBuc}c}c}Qu
¨
ß
àÝwBóW~	ÔDG]ﬃg^H
\B]!nBHKFIPNHQíTlfc[ DGM \lo?ÉN\BgKH^]!PiPNT\¤\BDGF*TBf0UHKFﬂP.DLgKHKMeDL]ﬁw XvP.[ﬃHZMIa,\BJLJGH^MIPg^TUJGTBF*P.[¤\?Pegc\B]HZjﬃMNH^o7DL]¾[ DLM
|
Ý
ôwB~&ﬃ7TBFNHKTBHKFKX0MIDG]ﬃg^H\BJGJP.[ﬃHUHKFﬂP.DLgKHKMTBf½[<ajﬃMﬂPZ`UH^PoDLÓ¯HKFNH^]!PZgKTUJLTUFNM^X\lPZJLHc\BMﬂPP.[HgKTUJLTUF|
Ý

¨
ß
ajﬃMﬂPi¯HZjﬃMIHKo"~
CE[ﬃHK]¦DGMiToﬃo"X¤0¿¦%Ò\B]oŁ|
Ý
á
Ð
¨
ß
Ñ
Xn¦«g^TUJGTBFNM\BFNHÎ]ﬃTBPHK]ﬃTBjﬃ`U[Ł\BMiﬃFITyBHKoŁDL]7P.[HﬃFIH^DGTBjﬃM
gc\lMNHB~bTR2H^BHKFKX½abTBFNHP.[ﬃ\B]|
Ý

¨
ß
ôwqg^TUJGTBFNM\BFIHq]HKHKoHKo"~qdS]ﬃ\BFIPNDGgKjJk\BF^X"MNDL]ﬃgKHN¦DGMZToﬃo"X\lPJLHc\BMﬂP
tB|
Ý
ŁwegKTUJLTUFNM
\BFNH FIHKWjﬃDGFIHKo"~TﬃFNTBHePN[ﬃDGM^X!MNjﬃ¯TUMIH!g^TU]!P.FN\BoﬃDGgQP.DLTU]P.[¤\?P2òæ tB|
Ý
à7weDGM
P.[HiJG\BFN`BHKMIP
jﬃMIHKo¬gKTUJLTUFeRe[ﬃDGg[ŁDLM\BMIMNDG`B]ﬃHKoÆR~äJ¿~äTﬃ~ä`ﬃ~P.TbUHKFﬂP.H4íñ~ZOiTyRX¯UHKFﬂP.H4íwgc\l]ÆTU]ﬃJ7Hg^TUJGTUFIHKoÆ!ﬀ»4X¯ReDLPN[
»E|
Ý
àwUXP.TMN\lP.DLMIfqP.[ﬃHMNHKﬃ\BF.\lPNDGTU],gKTU]ﬃMﬂP.FN\BDG]!Pc~
p2bPN[ﬃHMN\BabHP.TUVlHK]"XBHKFﬂP.HQítgc\l]`UH^P TB]ﬃJLb\­g^TUJGTUF
Ø
sﬀtUx]ﬃTlPMNab\BJGJLHKFP.[¤\B]&»n|
Ý
~6H^FIPNHQícvXBP.[WjﬃM^X`BH^P.M
\gKTUJLTUFØ
s\!x½ Ø
sﬀtUxWàq|
Ý
~µdS]`UHK]HKF.\lJ¿XUToﬃoUH^FIPNDGgKH^M
`UHQP*g^TUJGTUFIM	ReDP.[ﬃDL]®ï?ñvuc}c}c}^u|
Ý
àwBóRe[ﬃDLJGHeH^BHK]nUH^FIPNDGgKH^M`UHQP*g^TUJGTUFIM	ReDP.[ﬃDL]®ï?|
Ý
wBuc}c}c}Qu4tB|
Ý
à«wBóW~
 [WjﬃM^X
UH^FIPNHQí]¦Łà wUX0Re[ﬃDGg[DGMH^BHK]\B]o«\BoyÉN\BgKH^]WPP.TUH^FIP.H4íñvX½gK\B]ﬃ]ﬃTBPÎHbg^TUJGTBFNHKo¬ReDLPN[ﬃTUjPÎDGTUJG\lP.DL]ﬃ`nP.[H
MNH^¤\BFN\lP.DLTU]ngKTB]ﬃMIPNF.\BDL]WPK~ [ﬃHKFIH^fTUFIHBX¤\g^TU]!P.FN\BoﬃDGgQP.DLTU]\BFIDGMNH^M \B]ﬃon\lP JGHK\BMIP*TU]ﬃHH4íP.F.\g^TUJGTUF	DGM*]ﬃHKg^HKMNMN\BFIB~
H^]ﬃgKHlX¯òá tB|
Ý
~
ãµDG]ﬃ\BJGJUXcRe[ﬃH^]V¦:gÝÒ
X?Hc\Bg[gKTUJLTUFab\Z\BﬃHc\BF\lPaqTUMIPÏ»æ
¾
¨
á
¿
PNDGaqHKMK~ [ﬃH^FNH^fTBFNHBXB\lPJGHK\BMIP
­
¨
Ì
°
g^TUJz
TUFIM2\lFNHe]ﬃHKH^oﬃHKo©~%ZMNHKFﬂUH^o,P.[¤\?P_¦®æ"¾
¨
á
¿
Ò7«s¦abToÒ0xQXWDLPµfTUJGJLTyReM
PN[¤\lP	\lP	JLHc\BMﬂPc­
¨
Ì
°
æ%Ò7
Ô³¨
ﬀ
úüû
á
?©
È
C
Õ
gKTBJGTUFIMe\BFNHFNH^WjﬃDGFIHKo"~ [ﬃH^FNH^fTBFNHBXòá Òà w
Ð
¨
ﬀ
úüû
á
°
©
È
±
Ñ
~ Ú
dS]®PN[ﬃHZfTUJGJLTReDG]ﬃ`ﬃXv\B]®TUPNDGab\BJ©ris|
Ý
ucwUuK}c}c}KuKwyxSz{gKTUJLTUFNDL]ﬃ`\BJL`UTUFIDLP.[a:fTBF FNDG]`UM DGMeHQív[ﬃDLﬃDLPNHKo"~
tvw
ÀﬂÁÂiÃÄÆÅ
rÇÈÉ
Ê
ÉÊËÊÊÉ
Ê's
ÄÌÍÎ ÍÏÁÂiÃ
rÐXÉ
©
É
ÈsÒÑ
ÊÓ(Ô Õ
©	Ö×pØÙÚÚ
Ô ÛÜ5ÝÆÞﬂß
ÙàÆá5â
ß'ã4ÝßÒä
q
Ý
á
ß
à
Þå Þãæ
r
q
sèç
q
ÇÈ
Øé
Ô Ý
áêj«Ö q Ö©
ÉÊÑ
¯
Ó(Ô Õ
6 Ö©3Ö
È
Ù
ÜëyÊ
Ö
ÇÈ
Ö7ì&í
.³î
ÉTÊ
ØÙÚÚ
Ô ÛÜêÝÆÞﬂß
ÙàÆá5â
ßÒã4ÝÆßïä
q
Ý
á
ß
à
Þå Þã
æ
r
q
sèç
¹¿ð
.
Ô Õ
q
Ô
Ú
ß
â
ßÒÜ
ì í
.
îmGñ
ð
.fò
Ô Õ
q
Ô
Ú
Þ
ëë
×
Ó(Ô Õ
©
Ô
Ú
ß
â
ß'Ü
Ø 6 Öc©3Ö
È
ØÙ
Üë
ÇÈ«ó
ì&í
.èî
ØÙÚÚ
Ô ÛÜÝÞß
ÙàÆáêâ
ßÒã4ÝÆßïä
q
Ý
á
ß
à
Þå Þã
æ
r
q
sèç
¹¿ð
.
Ô Õ
q
Ô
Ú
ß
â
ß'Ü
ÇÈ
m
ì
ð
. î
Ô Õ
q
Ô
Ú
Þ
ëë
6
Ó(Ô Õ
©
Ô
Ú
Þ
ëë
ØôÖc©3Ö
È
ØÙ
Üpë
ÇÈó
ì&í
.³î
ØÙÚÚ
Ô ÛÜêÝÞ«ß
ÙàÆáêâ
ß'ãõÝÆßÒä
q
Ý
á
ß
à
Þå Þã
æ
r
q
sèç

ÇÈ
Ô Õ
q
ç
©
ÉTÊ
¯
ÇÈ
Ô Õ
q
ç
©
É
¯
ð
.
Ô Õ
q
Ô
Ú
ß
â
ßÒÜ
Ù
Üë
qö
ç
©
ÉÊ
ÇÈ
m
ì
ð
.iî
Ô Õ
q
Ô
Ú
Þ&ëpë
Ù
Üë
qö
ç
©
É
¯
ô
Ó(Ô Õ
©	÷
È
Ù
Üë
©nøjXù
Þ
ënÈ
Ø
Ý
á
ß'Üfú
û"ü
ßÒÝ|ýêçTÈ¨ÉTÊ
m
ì
íAþß Xl

í
l
î
çÈ ÉTÊ
Øio
ç
ñ

.
ò
ØÙÚÚ
Ô ÛÜ5ÝÆÞﬂß
ÙàÆáêâ
ß'ãõÝÆßÒä
q
Ý
á
ß
à
Þå Þã
æ
r
q
sèç

q
oCù
Þ
ë'È Ô Õ
r
È3Ô
Ú
Þ&ëpë5sÞã
r
È3Ô
Ú
ß
â
ßÒÜ
Ù
Üë
o
Ô
Ú
Þ&ëës
q
oCù
Þ
ë'È Ô ÕBÈ3Ô
Ú
ß
â
ßÒÜ
Ù
Üë
o
Ô
Ú
ß
â
ßÒÜ
Ù
Üë
q
øù
Þ
ë'È
É
Õ Þã
jÖ	ÖPl
.
ÉÊ
r
q
o
m
Ê's
ù
Þ
ëÈ Ô ÕBÈ3Ô
Ú
ß
â
ßÒÜ
Ù
Üë
o
Ô
Ú
ß
â
ßÒÜ
Ù
Üë
q
øù
Þ
ë'È
É
Õ Þã
l
.
Ö
 Ö
È ÉTÊ

Ó(Ô Õ
©	÷
È
Ù
Üë
©
ö
øjXù
Þ
ënÈ
Ø
Ý
á
ß'Üfú
û"ü
ßÒÝ|ýêçTÈ¨ÉTÊ
m
ì&íAþß Xl

í
l

î
Øo
ç
ñ

.
ò
Ø
ç
©ù
Þ
ëAý
ØÙ
Üëﬂç
 
í

!
É

r
Ù
s
ÙÚÚ
Ô ÛÜêÝÞß
ÙàÆá5â
ß'ãõÝÆßÒä
q
Øpé
Ô Ý
á
q
ó
pý
Ø
Ý
á
ß
à
Þå Þã
æ
r
q
s³ç

kpoaù
Þ
ë
r
ý
m
Ê's Ô Õ
r r
ý
m
Ê'sÔ
Ú
Þ
ëë5sÞã
r r
ý
m
Ê'sÔ
Ú
ß
â
ßÒÜ
Ù
Üë
o
Ô
Ú
Þ&ëës
kpoaù
Þ
ë
r
ý
m
Ê's Ô Õ
r
ý
m
Ê'sÔ
Ú
ß
â
ß'Ü
Ù
Üpë
o
Ô
Ú
ß
â
ß'Ü
Ù
Üë
q
øù
Þ&ë
r
ý
m
Ê's
É
ÕÞã
jÖ	Ö

È
.
ÉÊ
r
kpo
m
Ê's
ù
Þ&ë
r
ý
m
Ê'ss Ô Õ
r
ý
m
Ê'sÔ
Ú
ß
â
ß'Ü
Ù
Üpë
o
Ô
Ú
ß
â
ß'Ü
Ù
Üë
q
øù
Þ&ë
r
ý
m
Ê's
É
ÕÞã

È
.
Ö
 Ö
ý
éá
ßÒãß
k
ç
q
ÉpýÑ
r
s
ÙÚÚ
Ô ÛÜêÝÞß
ÙàÆá5â
ß'ãõÝÆßÒä
q
Øpé
Ô Ý
á
q
Ö
pýtÉTÊ
Ø
Ý
á
ß
à
Þå Þã
æ
r
q
s³ç

j
Ô Õ
q
ø½jZù
Þ&ëý
r
q
m
Ê's
oCù
Þ
ë
r
ý
m
Ê's Ô Õ
r r
ý
m
Ê'sÔ
Ú
Þ
ëë5sÞã
r r
ý
m
Ê's Ô
Ú
ß
â
ßÒÜ
Ù
Üë
o
Ô
Ú
Þ
ëë5s
Ù
Üë
qö
ø½jZù
Þ&ëý
r
q
m
Ê's
oCù
Þ
ë
r
ý
m
Ê's Ô Õ
r
ý
m
Ê'sÔ
Ú
ß
â
ß'Ü
Ù
Üë
o
Ô
Ú
ß
â
ßÒÜ
Ù
Üë
q
øù
Þ
ëdý
É
ÕÞã£Ê
Ö
Ö

È
.
ÉTÊ
rr
q
m
Ê's
o
m
Ê's
ù
Þ
ë
r
ý
m
Ê'ss Ô Õ
r
ý
m
Ê'sÔ
Ú
ß
â
ß'Ü
Ù
Üë
o
Ô
Ú
ß
â
ßÒÜ
Ù
Üë
q
øù
Þ
ëdý
É
ÕÞã

È
.
ÖÖ
ý
d{PiDGMR2TUFIPN[7]ﬃTlP.DG]`P.[¤\lPePN[ﬃHJGTR*H^F ¯TBjﬃ]ﬃo®TU]7ò`UDLBHK]®DG]©.HKaqa,\cDGM ]TBP P.DL`U[!P Re[ﬃHK]®ÒÆæ b\l]ﬃo
¦QDçñZaqTvocﬃ~­dS]ﬃoﬃHKH^o"XµDL]ÆP.[ﬃDLMZgc\BMIHBX.HKaqa,\©n`UDUHKMòá ÒŁà w|
Ð
¨
ﬀ
úüû
á
°
©
È
±
Ñ
æÇXRe[ﬃDLJGH¶.H^abab\ *
ﬃFITyDLoﬃHKMòá ﬃ~
 [ﬃHZheDG]ﬃ`?z3risﬀ|
Ý
ucwUuK}c}c}QucwyxSz{gKTUJLTUFNDL]ﬃ`Î\BJG`BTUFNDP.[ﬃa \BMNMIjﬃabH^M*Òá5­\B]o,R*TBFNVWM*fTUF2\B]!B\lJGjﬃHiTBf0|
Ý
áôwUX
Re[ﬃH^]^¦QôÒ
X©\B]ﬃoÆfTUF|
Ý
Ó?
A
ßC
X©Re[ﬃH^]^¦Qg%Ò
~OTBPNH­P.[ﬃ\lPRe[ﬃH^]¬Òæl\B]ﬃob¦]DöñZabTocﬃX©MIjﬃg[\B]
\BJL`UTUFNDP.[ﬃa:MITUJLBHKMeP.[ﬃHÎrisﬂwUuKwUucwyx{zSgKTBJGTUFIDG]ﬃ`ﬃFNTUJGHKa ﬃjPi]ﬃTBPePN[ﬃHÎrsﬀtvucwUuKwyxSz{gKTUJLTUFNDL]ﬃ`­ﬃFITUﬃJLHKa®~
tUt
p*H^fTBFNHÎﬃFNTDG]ﬃ`qP.[ﬃHÎgKTBFNFNH^g^PN]ﬃHKMIM\B]ﬃo7TUPNDGab\BJGDPS,TBf½P.[ﬃHheDG]ﬃ`lzSrisﬀ|
Ý
ucwUuc}K}c}KucwxSzSg^TUJGTBFNDG]`\BJG`BTUFNDP.[ﬃa®X
PSR2TbﬃFIHKJLDGaqDG]¤\BFﬂqJGHKaqab\BM \BFIHÎFIHKWjﬃDLFNHKo©~
g6ihEhEjº; ¸oB¥Q¢u¦:g Òá5Ám²G¥Q£òæEÒbàw
Ð
¨
ﬀ
úüû
á
°
©
È
±
Ñ
m	±B¢Ñ>= æÛ?
A
ß!C
r@?§ùò<wb GªÌKÑ!ÑQþbÌ?¦ùò<w
 Gª,¥poB¥Q¢±B¢Ñu=  Gª,ÌKÑ!ÑQþ+mÛ= aqTvo7sﬀò wyx±?ªªQÐ´,¥ªq±B²²µ£°¤¥co?±B² Ð¤¥ª ¢£°¤¥¦I±B¢³¥cäñuò iøµ° ²G¥ZÛo?±B¦4 ¿¥ª
ø £° ¢Æ£°¤¥Î ¢¤£S¥Q¦Xo?±B²Täñvu4ò §r
²=y;"; ³ CE[ﬃHK]Æò& wDLM Tvoﬃo©Xò\B]ﬃoC=çgc\l]®HFNHQReFNDLPIP.H^]\BMònæ t»\l]ﬃoa= æ »4~	Y*TU]ﬃMIDGoﬃH^F\l]W
l\BJGjH7´N äñut»¦¿~µdS]nP.[ﬃHfTBJGJGTReDL]ﬃ`ﬃX!DLP*DGM2MN[ﬃTRe]nP.[ﬃ\lPP.[HKFNHDGM\ÎB\lJGjﬃHTBf0Û  æ5´½sﬀt»àwyxµaqTosﬀt» wyxQX
ReDLPN[«Û
|  äñut»¦¿X½MNjﬃg[PN[¤\lPÛ& »>D ´naqTvo7sﬀt»aËwyxQ~®dS]ﬃoﬃH^HKoMIjﬃg[gKTU]`UFNjﬃH^]ﬃgKH,[ﬃTUJGoM­HKgc\ljﬃMNH»Î\l]ﬃo
t»Ï w\BFNHgKTBﬃFNDLabHlX'\B]ﬃot»
à wÎDGMPN[ﬃHa­jﬃJLPNDGﬃJLDGgc\?P.DLBHDL]WBHKFIMNH­Tlf»µabTo7s¿t» %wyx4X'\BMDPegc\B]®HHK\BMNDLJL
ﬃFITyBHKo7TUﬃMNH^FIDG]`qPN[¤\lPs¿t»µà wyx¦»½DösIsY»½à wyxKsﬀt»¤ wyxÏEwyx½D wiaqTo,t»ÏEwU~
CE[ﬃHK]òc wDLMH^BHK]"Xò\B]ﬃo= gc\l]Ł¯HFIH^ReFIDLPNPNHK]Ł\lMòŁæ t»àEw\B]o=×æ »à wU~Y*TB]ﬃMNDLoﬃHKFZ\l]W
l\BJGjH]´[ 3ßñu4t»½àEw$¿~ ÔvDG]ﬃg^H![!¯TlP.[ﬃH^MNDGM`= æ »µàEwDLMToﬃo"X'DLPefTUJLJGTReMP.[ﬃ\lP7»DGMeH^BHK]"X©\B]ﬃob=×\l]ﬃo
t»\BFNH­gKTUﬃFIDGaqHDG]!PNHK`UH^FNMK~_MZDL]P.[ﬃHFNH^DLTUjﬃMgc\BMIHBX"PN[ﬃHgKTU]`UFNjﬃH^]ﬃgKHÛ.sY»à wxdDÄ´naqTvobt»i[ﬃTBJGoﬃMfTBF
Û&0æÄ´½s¸»	à%wyx
aqTvoqt»4XTUﬃMNH^FIBHKoPN[¤\lP<»à%wqDLMP.[Hqa­jﬃJLPNDGﬃJLDGgc\?P.DLBHDG]!UH^FNMNHTBf»à weaqTvobt»4~­dS]¬f\lg^PcX
sY»½à wyx
ß
D,»
ß
 weàt»Dôt»^s
Ì
ß
xµà¡t»ÏEwPD weaqTvobt»4~
dS]«g^TU]ﬃgKJLjﬃMNDLTU]"X0DG]¬TBP.[gc\lMNHKM^X½fTUFÎ\B]!Łl\BJLjﬃH&´2  äñuK}c}c}Kuò ﬀXP.[ﬃH^FNHqDGMÎ\l\BJLjﬃHTBf*Û< läñvu4ò 
MNjﬃg[
P.[ﬃ\lPeÛ= D,´,abTo7s¿òe wyxQ~ Ú
g6ihEhEjº; ¸oB¥Q¢K¦Rg Òá Ám*²G¥Q£ò7æËÒ®àEw|
Ð
¨
ﬀ
ú û
á
°
©
È
±
Ñ
mi±B¢Ñ"=çæÓ?
A
ß
C
r?§,ùò¶%w Gª¥poB¥Q¢±B¢Ñ"=
 Gª­¥poB¥Q¢Bþ+m"Û= aqTvo®sﬀò] wxÎ±?ªªQÐ´,¥ªÎ±B²²¯£°¤¥­¥poB¥Q¢¡o?±B² Ð¤¥ªZ ¢£°¤¥¦I±B¢³¥ßñu4ò­à¡w$	øµ° ²G¥ Û'o?±B¦4 ¿¥ªø £° ¢
£°¤¥Î ¢¤£3¥Q¦Xo?±B²bßñu
A

Ý
ß
à w$¦r
²=y;"; ³ d{f	TBP.[òc w\B]o:= \BFIHH^BHK]"X"PN[ﬃHK]ŁP.[H^ÆgK\B]ŁHFNHQReFNDLPIP.H^]\lMòcôw­æ 
» tn\l]ﬃo
=ìæÇt»4~ [H,gKTB]ﬃ`UFNjHK]ﬃg^H,ÛSt»
aqTvo7s\!»±%tUxZ\BMNMIjﬃaqHKM­H4í\Bg^PNJL¬P.[ﬃHqM.\labHl\BJGjﬃH^M­\lMÎPN[ﬃH,g^TU]ﬃ`UFIjﬃHK]ﬃg^H
tﬃsÛ»
aqTosﬀt» ¡wyxNx4~
 [ﬃHZgKTB]ﬃ`UFNjHK]ﬃg^HZÛ»
aqTosﬀt» ¡wyx2\BMIMNjﬃaqHKMe\lJGJ¤P.[ﬃHB\lJGjﬃH^MDG][ßñu4t»¦¿X! .HKaqa,\#Ł
MNDL]ﬃgKHs¿t»¨ wx2DGM2Tvoﬃo©~ [ﬃHKFIH^fTUFIHP.[ﬃHZg^TU]ﬃ`UFIjﬃHK]ﬃg^HÎtﬃsÛ\»
aqTvo7sﬀt»  wyxIx*\BMIMNjﬃaqHKMe\BJLJPN[ﬃHHQUHK]l\BJGjHKMDL]
t

P.[HÎDL]!P.HKFﬂl\BJIßñuB
»¦ﬀ~ Ú
TVU 6W;'=?6Áh 9<; ¸oB¥Q¢ŁÒ á nm£°¤¥"µe ¢³BÍrisﬀ|
Ý
ucwUuc}K}c}KucwxQÍN¨Ì?²GÌ?¦4 ¢³±B²ä³Ì?¦4 £°´ Gª®Ìâ£ ´q±B²§cÌ?¦,±B¢ qﬀo?±B² Ð¤¥
Ì3§i|
Ý
áôw!m	øµ°¤¥Q¢¾¦[ Òm	±B¢Ñ§cÌ?¦e|
Ý
 ? A
ß C
m	øµ°¤¥Q¢¾¦:gÝÒIr
²Î=?;©;¨³  [ﬃHgKTBFNFNH^g^PN]ﬃHKMIM\B]ﬃo®TUPNDGab\BJGDPSDGM ﬃFITUHKo®fTUJGJLTReDG]ﬃ`­PN[ﬃH*qgK\BMNH^MTlf½PN[ﬃHÎ\BJG`UTBFNDLPN[ﬃa®~
e j¤@K6k'A2CE[ﬃHK]v¦[5XA¤ËDLM\g^JGDGWjﬃHl~
 [ﬃH^FNH^fTBFNHBXvUHKFﬂP.H4íÛ
DGM2gKTUJLTUFNH^onÛ{|
Ý
XvfTUF*ñ¶ ÛI\¦àwUXﬃ\l]ﬃo
òæ s¦à wyxI|
Ý
~
e j¤@K6ﬁ}"A2CE[ﬃH^]v\¦[ ÒÆ\B]ﬃo7w]E|
Ý

Ð
¨
ß
Ñ
à¬wUXå
­
S
á
DGM	\Îg^JGDLjHB~p2qg^TU]ﬃMIPNFNjﬃgQP.DLTU]"X!P.[ﬃHgKTUJLTUFNM
TBfPSR2TgKTU]ﬃMIHKg^jP.DUHZUH^FIP.DLgKH^M TBf¤õ\lFNHZ\lP*JGHK\BMIP MIHK¤\lF.\lPNHKo!
Ð
¨
ß
Ñ
àwá%|
Ý
~ãµDL]¤\BJGJUXWHc\lg[BHKFﬂP.HQín`UH^PNM
\oﬃDLÓ¯HKFIHK]!P*g^TUJGTBF2\l]ﬃo"X\BM	DLPDGMHK\BMIP.TUH^FNDfUXWP.[ﬃHiJk\BFI`UHKMﬂP	jﬃMNH^ongKTUJLTUFDGM½¦Îà¬wRe[ﬃDLg[,DGM	\BMIMNDL`U]ﬃHKobHKDP.[ﬃH^F
P.TBHKFIPNHQíC¦à wZRe[ﬃHK]C¦ŁDGM HQUHK]TUFP.TUH^FIPNHQíK¦àtRe[ﬃHK]K¦¬DGM Toﬃo"~
e
j¤@K6ﬁª"A	CE[HK]u¦®DGMHQUHK]©XtcH¦) Ò7\B]ﬃo,|
Ý
á
Ð
¨
ß
Ñ
à¬wUX!P.[ﬃHiJk\BFI`UHKMﬂP	gKTUJLTUFjﬃMNH^onDG]PN[ﬃH\lJG`UTUFIDLPN[ﬃa
DGM Ø
s
¦bà wyxæ%|
Ý

Ð
¨
âÝ
ß
Ñ
æ |
Ý

¨
ß
XRe[ﬃDGg[ab\lP.g[HKMP.[HZJGTR*H^F ¯TBjﬃ]ﬃofTUFeò~ﬃ7TUFIHKTUH^FKX'DLP*DGM Hc\lMI,PNT
MNH^HÎPN[¤\lP PN[ﬃHMNHKﬃ\BF.\lPNDGTU]H^PSR2HKH^]PSR*TqgKTB]ﬃMNH^gKjPNDLUHUH^FIPNDGgKH^MDLM
Ø
sÛ¨ wyxµàØ
sÛ{x	æ

|
Ý
DLfÛÊDGM Toﬃo"u
|
Ý
 w DLfÛÊDGM H^BHK]0u
Re[ﬃDLJGHÎØ
s¦àÝwyxµà¡Ø
sñ!xæ%|
Ý

¨
ß
~
e
j¤@K6Y90A	CE[ﬃH^]¾¦DLMTvoﬃo©X0¶\¦[ ÒÆ\B]ﬃo,|
Ý
á
Ð
¨
ß
Ñ
àwUXP.[ﬃHigKTUJLTUFNDL]ﬃ`TBf"PN[ﬃHiBHKFﬂP.DGg^HKM ñvuc}c}c}Qu¦­àﬀ
TBf0P.[H\BJG`UTBFNDLPN[ﬃa:DGMH4í\Bg^PNJLnPN[ﬃHZM.\BaqHZ\BM DL]®Y\BMNHXﬃ\B]ﬃoP.[ﬃH^FNHQfTUFNHPN[ﬃHZMNH^¤\BF.\?P.DGTB]gKTU]ﬃMﬂP.FN\BDG]!Pe[ﬃTUJLoﬃMK~
ã¤TUF0P.[ﬃH2FNHKab\BDL]ﬃDG]ﬃ` PSR2TUH^FIPNDGgKH^MKXØ
s¦àtBxæ tB|
Ý
XU\B]ﬃoØ
s
¦àbwyxæ |
Ý
~µ [ﬃH^FNHQfTUFNHlXWØ
s
¦*àtUxlàØ
s
¦*à,wyxæ
Ø
s¦ZàÆwyxàØ
sñ!x
æ |
Ý
XURe[ﬃDGJLHiØ
s
¦ZàtUxàØ
s¦Zà !x
æ tl|
Ý
à
¨
â

ß
gÝ|
Ý
HKgK\BjﬃMNHi!\BMIMNjﬃaqP.DLTU]q|
Ý
á
Ð
¨
ß
Ñ
~
ÔvDL]ﬃgKHZP.[HÎJG\BFN`BHKMIPeg^TUJGTBFjﬃMNH^oDLMitB|
Ý
XﬃPN[ﬃHMNTUJLjP.DLTU]DGM TBP.DLa,\BJﬀ~
e
j¤@K6\"ACE[ﬃH^]R¦ g ÒÝ\B]ﬃoR¦HDÏñÎaqTvoÒ
X½P.[ﬃH\lJG`UTUFIDLPN[ﬃaðMNTBJLUH^M­P.[Hris&=ucwUuc}K}c}KucwxSzSg^TUJGTBFNDG]`ﬃX
Re[ﬃH^FNH7òÝæÈÒàôw\B]ﬃoS= æ ?
áXâÝ
ß
C
~ [ﬃHKFIH^fTUFIHnP.[ﬃH\lJG`UTUFIDLPN[ﬃaMNTUJUH^M\BJGMIT¬\BJGJP.[ﬃHris|
Ý
ucwUuK}c}c}QucwyxSz
gKTBJGTUFIDG]ﬃ`UMReDP.[w# |
Ý
»=~2 [ﬃHÎMNTUJLjP.DLTU]ﬃFNTUTUMIHKoDLM oﬃDLÓ¯HKFIHK]!PoﬃHKHK]ﬃoDG]ﬃ`qTU]P.[ﬃHÎ¤\BFIDLPSTBfµÒ«\l]ﬃo
=~
dS]¤\BFﬂP.DGg^jﬃJk\lFKXyRe[ﬃHK]"¦:g Ò\l]ﬃo}¦CD ñZabToÒ
X!\B]ﬃosÒnDLM½Toﬃo'x0TUF sÒnDGM½H^UH^]\B]ﬃoN=ôDGM½Tvoo'xQX?UHKFﬂP.H4í
Û*Tlf½¤ `UH^PNMgKTBJGTUFØ
sÛSx æôÛ= aqTvoÒ
~idS]ŁﬃFN\Bg^PNDGgKHlX0¤ DLMg^TUJGTBFNHKoW®FIHKHc\lPNDG]ﬃ`
¨
á
P.DLabH^MiPN[ﬃH­MIHKWjﬃH^]ﬃgKH
t!
<æ%ñu=utX=u	}c}c}KuÛ=u2}c}c}Ku*sÒ	àwyxf=XBRe[HKFNH2\BJLJUP.[ﬃH	TUHKF.\?P.DGTB]ﬃM\B¯TBH*\BFIH2oTU]ﬃH¬abTo Ò
~ [WjﬃMµP.[H
MNH^¤\BFN\lP.DLTU]bH^PSR2HKH^]nPSR*TgKTU]MNHKg^jP.DUHiUHKFﬂP.DLgKHKM2DGMZÞßØµsÛ
«wyx'à7Ø
sÛSxÞ?æ:Þ sÛ
«wyxf=õabToÒ­àÛ= aqToqÒ2Þvá
sNsÛÏ wyxi=:àÊÛ=qx
abToÒæ =~cﬃ7TUFIHKTUH^FKX0![.HKaqa,\ ŁvXÏ×gKTU]ﬃMIDGMﬂP.MTBf	ÒoﬃDLÓ¯HKFIHK]!PgKTUJLTUFNM^X0\B]ﬃoŁP.[H
M.\labHZg^TUJGTUF DLM FNH^jﬃMNH^oÆ\lPeoﬃDLMIP.\B]ﬃgKHÒ
~
dS]gKTU]!PNF.\BMﬂPcXRe[ﬃHK]Q¦Ig ÒE\B]ﬃoR¦»D ñZaqTvoÒ
X\l]ﬃo sÒ DLM­H^BHK]¡\B]ﬃoQ=ìDGM­H^UH^]'xQX!.H^abab\¡8X
DLPbDGMqVW]ﬃTRe]ÝP.[¤\?PbPN[ﬃH7BHKFIPNDGg^HKMnTBf¤ Û¾D@»µabToÒ ReDLPN[Ýñ5Ó»)
á
ß
à<w`UHQP\BJLJP.[ﬃH7H^BHK]EgKTUJLTUFNM
DG] PN[ﬃHDL]!P.HKFﬂl\BJcßñu.Ò¡àõt¿XiRe[ﬃHKFIHc\BM®P.[ﬃHŁBHKFIPNDGg^HKMTlf}¤ ÛbD »
aqTvoÒËReDLPN[
á
ß
 » ÒÊàöw`UHQP
\BJLJP.[HŁTvoﬃo g^TUJGTBFNMnDL]ÝP.[ﬃH¬DG]!PNHKFIl\BJ& wBu.Òàöw$ﬀ~<dS]EﬃFN\Bg^PNDGgKHlXP¤DGMg^TUJGTBFNHKo ! FNHKHc\?P.DG]`
¨
á
P.DGaqHKM
P.[H7MIHKWjﬃHK]gKH) æØ
  

úüûBû
X	Re[ﬃHKFIH¡
  
æ ñvu =u,tX=u7}c}K}Ku.Ûp=uK}c}c}Kus
á
ß
àõwyxf= \B]o3
úüûBû
æ
wUu>=ÄôwUu­tX=ÄôwUuq}c}c}KuNÛ=ÄôwUuc}K}c}Ku,s
á
ß
à wyxf= ËwBXRe[ﬃH^FNH,\BJGJ
PN[ﬃHbTB¯H^F.\lPNDGTU]ﬃMÎ\BTUH,\BFNHbabTo«Ò
~
Tg[ﬃHKgV,PN[ﬃHMIHK¤\BFN\lP.DLTU]gKTB]ﬃMIPNF.\BDL]WPKXg^TU]ﬃMNDLoﬃHKF2PSR*TgKTB]ﬃMNH^gKjPNDLUHZBHKFIPNDGg^HKM TBfc¤~ã¤TUjﬃF2gc\BMIHKMeab\b\BFIDGMIH
oﬃH^¯H^]ﬃoﬃDG]`­TU]qP.[ﬃHi¯TBMNDLPNDGTU]TBf©P.[ﬃHeUH^FIP.DLgKH^M*DG]E¤~
dS]ﬃoHKHKo©XHKDP.[ﬃH^F2TBPN[bUH^FIPNDGgKH^M*`UHQP*HQUH^]¬sToﬃo'xgKTUJLTUFNM
TUF TU]HBHKFﬂP.HQí®`BH^P.Mi\B]®H^BHK]sToﬃo'x*gKTBJGTUFe\B]o®PN[ﬃHTBP.[ﬃH^FUH^FIP.H4í\B]Tvoﬃo«sHQUH^]'xeg^TUJGTBFK~
ﬁﬀﬃﬂ "!#%$'&
Þ Ø
sÛ¨EwyxµàØ
sÛSxyÞlæ:Þ sÛ¨Ewyxf=<abToÒàÛ= aqTvoÒ*Þlæ*=)(
ﬁﬀﬃﬂ*%+,+-&
Þ Ø
sÛ  wyxµà¡Ø
sÛSxÞlæ Þ sIsÛ¨ wxf= EwyxµaqTvoÒà sÛp=  wxaqToÒ*ÞBæ*=(
"!."$#/%+ﬃ+0&
Þ s
á
ß
à wxf=<aqToqÒxµà wyxµabToÒ*Þlæ s3à`=qx
abToÒàÝwæEÒ7à¸= àÝwg =(
%+ﬃ+./ﬃ"!.%$1&
Þ sNsÒà wyxf=; wyx
aqTvoÒ0xµàñÞlæ sﬂàd= Ewyx
abToÒÆæ Ò®àQ=; wxg\=~
ãµDG]ﬃ\BJGJUXWﬁ.H^abab\¶8XPN[ﬃHM.\BaqHgKTUJLTUFDGM FIHKjﬃMIHKo\lPeoﬃDGMﬂP\B]gKHÒ
~
e
j¤@K6R§"ACE[ﬃH^]¦Qg Ò¡áln\B]ﬃob¦»ªD ñZaqTvoÒ
XP.[ﬃH\lJG`UTUFIDLPN[ﬃa×\B`!\lDG]MITUJLBHKMPN[ﬃHris&=ucwBuc}c}c}^ucwyxSz
gKTBJGTUFIDG]ﬃ`ﬃX"Re[HKFNHu=ìæ ?
A
ß
C
X½\B]ﬃoP.[ﬃH^FNH^fTBFNHqDLPÎMNTUJUH^M\BJLMNT®\BJGJ
PN[ﬃHbrs|
Ý
ucwBuc}c}c}Qucwyx{zSgKTBJGTUFIDG]ﬃ`UMReDLP.[Êwﬀ
|
Ý
 =~edS]®P.[ﬃDLMgK\BMNHlX"\BMﬃFNTUH^oÆDG]¡.HKaqa,\vX'P.[ﬃHÎJk\BFI`UHKMﬂPjMNHKoŁg^TUJGTBFiDLMò®æôÒ7àEw½
Ð
¨
ﬀ
úüû
á
°
©
È
±
Ñ
~edS]
ﬃFN\Bg^PNDGgKHlXﬃP.[ﬃHÎ\BJL`UTUFIDLP.[a g^TUJGTBFNM ¤ \lMfTUJGJLTyReMO¢
2
p*jDGJGonPN[ﬃHfTUJLJGTReDG]ﬃ`PSR*TqMNH^jHK]ﬃg^HKMKX8LË\B]ﬃoﬁ,X¤TBf½JGH^]ﬃ`BPN[ò7\B]ﬃo7ò& wUXﬃFNH^MNHKgQP.DLBHKJUX¤Re[ﬃHKFIHÎ\BJGJ
t£0
PN[ﬃHTU¯H^F.\lPNDGTU]Me\BFNHaqTvoÊs¿òe wyxX¢
354
)+
+
,
+
+-
ﬁ68796f¡8796;:<:=:<6?>796=:<:<:A@"7 zB@DC ﬂz/tºyº t5wﬂ¥E@-Cdﬂz	mr8mo}I9}?ºF7ôz/tºyºV©
ﬁ68796f¡8796;:<:=:<6G>H796
1JI=K.L
MON

2
796i86%P7QCdP6Z¡875CdP6;:=:<:<6?>H7QCdP6<:=:<:R6
1JISKL
MON

2
7TCd
zB@DC ﬂz/mo5mo}&9}?ºU7îz|/mr8mo}
V
4
)+
+
,
+
+-
ﬁ6W796%87X6;:=:<:<6?>H7X6=:<:=:R6
@%7 z/¥Y@-Cdz|tºyº\©Ht8wb¥Y@DC	z/mo8mr}×8}?ºU7ôz/tºyºV©
ﬁ6W796%87X6;:=:<:<6?>H7X6=:<:=:R6
1
ISKL
M
N

2
796iP6A7ZC 86@P7QCdP6=:<:=:R6[>H7QCdP6\:<:=:<6
1
ISKL
M
N

2
7TC 
z]@0C z/mo5mo}é9}?ºF7ôz/mo5mo}
2
.H^P0^æH¦abTobò0Xv\B]ﬃou¶æÛ¾
¨
A
¿
àT^](WgKTUJLTUFP.[ﬃHiUH^FIP.DLgKH^M*TBfF¤ fFNTUa:ñjﬃ,PNTV¶Bòàw!qFNHKHc\?P.DG]`
¶P.DGaqHKMP.[HnMNH^jHK]ﬃg^HvL­X\B]ﬃo«gKTUJLTUFÎPN[ﬃH,FIHKab\BDG]DG]ﬃ`UH^FIP.DLgKH^MTBfJ¤Ç!«FIHKHc\lPNDG]ﬃ`T^P.DLabH^MP.[H
MIHKWjﬃHK]gKH©,~OiTBP.HqP.[¤\?P­\lJGJ
P.[HbUH^FIPNDGgKH^M­TBf7¤Ç\BFIHbg^TUJGTUFIHKo¯H^gc\BjﬃMIHbPN[ﬃH,MIHKWjﬃHK]gKHKM"L \B]ﬃoE
[¤\cBHJLHK]ﬃ`BPN["XﬃFIHKMNHKgQP.DUHKJUX¯ò\B]oÆò&EwÎ\B]ﬃoK¦æ»¶Uò&_^sﬀò& wxQ~
 [ﬃHnﬃFITvTlf P.[¤\lPP.[ﬃH,\BJG`BTUFNDP.[ﬃa BHKFIDLÕ¤H^M­P.[ﬃH,MNHKﬃ\BF.\lPNDGTU]\B]ﬃoFIHKjﬃMIHngKTU]MIP.FN\BDG]!PNMKX¤\BMIHKoTU].0H^az
ab\BMŁ\B]ﬃoØ8XﬃDLM MNDLabDLJk\BFP.TP.[¤\?PeTBfY\lMNHe0v~ Ú
d{PÎDGMR2TUFIPN[]TBP.DL]ﬃ`nP.[¤\?PZP.[ﬃHPSR2T\BJL`UTUFIDLP.[abMﬃFNTUTUMIHKoDG]ÆP.[DGMZMNH^g^PNDGTU]¬MNTBJLUHPN[ﬃHqrsﬀtvucwUuK}c}c}QucwyxSz
gKTBJGTUFIDG]ﬃ`ﬃFITUﬃJGH^aÇfTUFi\B]!®Òá,~ dS]ﬃoﬃHKH^o"X'P.[ﬃH­hiDL]ﬃ`lz3risﬀtvucwUucwxSzSg^TUJGTBFNDG]`\BJL`UTUFNDP.[ﬃa:R2TUFNVWMfTUFeÒ¬æ ﬃX
Re[ﬃDLJGHP.[ﬃH*hiDL]ﬃ`lz3ris|
Ý
uKwUuc}c}c}Qucwyx{zSg^TUJGTUFIDG]ﬃ`i\BJL`UTUFIDLP.[a \BJR\cM
MNTBJLUH^M½PN[ﬃHris¿tucwUuc}c}K}Kucwyx{zSg^TUJGTUFIDG]ﬃ` FNTUﬃJLHKa
fTUFÎÒ á/0v~dS]`UHK]HKF.\lJ¿Xµ`BDLUH^]\B]!|
Ý
áÈwUX½PN[ﬃHnheDG]`lz3risﬀ|
Ý
ucwBuc}c}c}Qucwyx{zSgKTBJGTUFIDG]ﬃ`®\BJL`UTUFNDP.[ﬃaÈTUPNDGab\BJGJ
MNTBJLUH^MP.[ﬃHnrs|
Ý
ucwBuc}c}c}Qucwyx{zSgKTBJGTUFIDG]ﬃ`®ﬃFNTBﬃJGH^a fTUFH^BHKFIÒõá×tB|
Ý
<wUXDL]ﬃoﬃHKHK]oﬃHK]!P.JTU]P.[ﬃHMIDGßKHu¦
TBfZPN[ﬃHÆFNDL]ﬃ`\B]o jﬃMNDL]ﬃ`\BMbfHQR g^TUJGTBFNMn\lM,P.[ﬃHÆrs3wUucwUuK}c}c}QucwyxSz{gKTUJLTUFNDL]ﬃ`ﬃFNTUJGHKa®~ôOiH^UH^FIPN[ﬃHKJLHKMNM^XP.[H
risﬀ|
Ý
ucwUuc}c}K}^ucwxSzSg^TUJGTBFNDG]`,ﬃFITUﬃJGH^aÈab\cÆHMNTBJLUH^ofTBFl\BJGjﬃH^MTBf	ÒMNab\BJGJLHKFiP.[¤\B]tl|
Ý
 wfTUFMIjﬃDLP.\BﬃJGH
l\BJGjHKM TBf(¦ŁÜËs¿tB|
Ý
Ewyx
ß
~
ãµDG]ﬃ\BJGJUXﬃRe[ﬃH^]ÆP.[ﬃHÎUHKFﬂP.DLgKHKMTBf
P.[H­FNDL]ﬃ`,oTn]ﬃTBPDG]ﬃDP.DG\BJGJ,VW]ﬃTRËP.[ﬃH^DGFiFNH^Jk\lPNDLUHÎTUMNDP.DGTB]ﬃMKX\bMIDGaqﬃJGH
oﬃDLMIP.FIDGﬃjvP.HKo¬\lJG`UTUFIDLPN[ﬃa×gc\B]\B`U\BDG]ÆHH4íH^gKjPNHKoP.TgKTBabﬃjvP.H­PN[ﬃHKa®~ [HgKTUaqﬃjP.\lP.DLTU]ÆDGMMIP\lFIP.H^o¬W
\B]!¬MNDL]ﬃ`UJLHUHKFﬂP.H4í©X½Re[ﬃDGg[oﬃHKMIDG`U]ﬃ\lP.H^MDP.MNH^JLf*\BMZUH^FIP.H4í«ñ~,_MNMNjabDL]ﬃ`fTUFMNDGaqﬃJLDGgKDPS7PN[¤\lPP.[HqFIDG]ﬃ`DLM
jﬃ]ﬃDLoﬃDGFIHKgQP.DGTB]¤\BJ¿X¤TB]ﬃHFITUjﬃ]ﬃoÆ\BJGTU]`bP.[H­FNDL]ﬃ`qDGM]HKHKoHKoÆP.TbgKTUaqﬃjPNHPN[ﬃHBHKFIPNHQíÆFNHKJG\lP.DUHTUMNDP.DGTB]ﬃM\l]ﬃo
\bMIHKg^TU]ﬃoÆFITUjﬃ]ﬃo7DGMiFNHKWjﬃDLFNH^oP.TqﬃFNTU\Boﬃgc\lMIP ¦¬P.T,\BJGJ"PN[ﬃHUHKFﬂP.DLgKHKM^~ip*TBP.[®P.[ﬃHÎP.DLabH\B]o7P.[H­]WjﬃaHKFiTBf
aqHKMNMN\B`UH^M\lFNHwns¦xQXvRe[ﬃDGg[7\BFNHTUvP.DGab\BJﬀ~
t
*
Ä%m{p¸Ht8wZa` b%¥ﬁ© b%¥ c6rﬁ© b¥86oﬁ© b¥ c6oﬁ© b¥P6rP6rﬁ© b%¥¼d6o86o©
¹VvV]¥Ín\(pfT©   ¡ £  £
wZz|}Xé¥§y{Ryom© >t8w@¡ >t8w@¡ ¡Mt8w £ !t8w@£ £
yot8u:nX|m{pZm¹Xz}\9wZ:pfwZmom  ¡  £ e 
¹Vz ºRz|u:mo}Vfz|t8}V8¹8wZz º   £  ¢ f
yomo|vV|8w8wZz º ¡ e  f ﬁ 
gX­ihR­5®R­8¸+´8­V± hR°R¾PjV¾5°5®X­ k
[Ör¡ml
k
9V¡RP=eJl
k
VﬁeX¹ﬁRÖ=fml
k
¡RÖ=eml
k
V¹=fml¼
¯in¹²¨±)ºV½8ºX­5®
½\BﬃJGHet¢7ﬃ7DG]DGajﬃa ]WjﬃaHKFZòv w­TBfg[¤\B]ﬃ]HKJGMZjMNHKoÆfTBF\nMNjvbg^DGH^]WPNJL7Jk\BFI`UHÎ]ﬃH^PSR2TUFNVÆåqXRe[ﬃHK]ŁP.[H
FNH^jﬃMNHÎoﬃDLMIP\l]ﬃgKHZl\BFNDLHKM H^PSR2HKH^]¬t\B]ﬃoﬁﬃX¤\B]ﬃoP.[HÎg[ﬃ\B]ﬃ]ﬃH^JMIHK¤\lF.\lPNDGTU]ﬃMe\lFNHÎñX"wTUFtv~
o  qŁ'Jc)P
Kq
½\BﬃJGH^MKn\l]ﬃoN,MIjﬃaqa,\BFIDGß^HÎPN[ﬃH­FIHKMNjJLP.MifTUFTBP.DLa,\BJ"rs|
Ý
u|
ß
uc}c}c}^u|
áRâÝ
xSz{gKTUJLTUFNDL]ﬃ`ﬃXﬃVW]ﬃTRe]¬jﬃPNT,]ﬃTR
DG]7P.[ﬃHJLDLP.H^F.\lPNjﬃFNHl~ÎÔvHKgKDÕ¤gc\lJGJLBX©MIjﬃg[ŁP\BﬃJLHKMDL]ﬃoﬃDLgc\lPNHBX¯fTBFP.[ﬃHaqTUMﬂPgKTBabaqTU]ÆFIHK`UjﬃJG\BF]H^PSR2TUFNVWMKX0P.[H
aqDG]ﬃDLajﬃaÇ]WjﬃaHKFTBfg[¤\l]ﬃ]ﬃHKJLMFNH^WjﬃDGFIHKo"~dS]Ł\BJGJ"PN[ﬃHgK\BMNH^MKX©PN[ﬃHKFIH\BFIH­H^qg^DGHK]!P\lJG`UTUFIDLPN[ﬃabMPNTn\BMIMNDL`U]
g[¤\B]]ﬃHKJLMnP.T«BHKFIPNDGg^HKMK~Ë [ﬃHŁg[ﬃ\B]ﬃ]ﬃH^JZ\BMNMIDG`U]HKoÝP.T\l]W¡UH^FIPNHQí gK\B] HÆgKTUaqﬃjPNHKo JLTvgK\BJGJﬃFNTDGoHKo
P.[ﬃ\lP­PN[ﬃHnFNH^Jk\lPNDLBH,TUMNDP.DGTB]«TBf PN[ﬃH,UH^FIPNHQíDL]P.[Hn]ﬃH^PSR2TUFIVDGMV]TyRe]©~«Ôjﬃg[\ÆgKTUaqﬃjP.\lP.DLTU]«gK\B]H
HKFIfTBFNaqHKoDG]­gKTU]ﬃMﬂP\B]!PPNDGaqH2fTUFµ\BJGJWP.[ﬃH ]H^PSR2TUFNVWMKXWH4íg^HKPfTUFµﬃDG]¤\lFIP.FIHKHKMRe[ﬃDLg[FNH^jDGFNH JLTU`!\BFIDLPN[ﬃabDLg
P.DLabHqDG]P.[ﬃHn]Wjﬃa­¯H^FTBfeUH^FIP.DLgKH^MK~¬dS]¤\BFﬂP.DGg^jﬃJk\lFKX½PN[ﬃHnﬃFIHKMIHK]!P¤\BHKFoHc\BJP­ReDLPN[«P.[Hris¿tvucwBucwyx\l]ﬃo
risﬀ|
Ý
ucwUuc}c}K}^ucwxSzSg^TUJGTBFNDG]`­ﬃFITUﬃJGH^abM2Re[ﬃDGg[®gKTU]MNDGoHKFe\g[¤\B]ﬃ]HKJMNH^¤\BFN\lP.DLTU]¯HQPSR*H^HK]Æ\lo?ÉN\BgKH^]!PiBHKFﬂP.DGg^HKM^~
 [ﬃHFNTUTUMNH^oFNH^MNjﬃJP.M*H4íP.HK]oPN[ﬃTUMIH\BJLFNHc\loqV]TyRe]DL]bP.[HJGDP.H^F.\lPNjﬃFNHefTUF2PN[ﬃHrisﬀtvucwyx4XrisﬂwBucwUucwyx4X\l]ﬃo
risﬂwUuK}c}c}KuKwyxSz{gKTUJLTUFNDL]ﬃ`ﬃFNTUJGHKaqMK~ã¤TUFeP.[ﬃHMN\BVBH­TBfgKTBabﬃJLH^PNHK]ﬃH^MNMKX©µ\BJGH&qFNH^¯TUFﬂP.MZ\lJGMNTqP.[ﬃHabDL]ﬃDGa­jﬃa
]WjﬃaHKF2TBfgKTBJGTUFIM2FIHKWjﬃDGFIHKon!P.[Hrisﬂwyx{zSg^TUJGTUFIDG]ﬃ`ﬃFITUﬃJLHKa®XWRe[DGg[nFIHKoﬃjﬃg^HKM*PNTPN[ﬃHg^Jk\BMIMNDGgK\BJ'abDL]ﬃDGa­jﬃa
UH^FIPNHQí®gKTBJGTUFIDG]ﬃ`TBfµ\`UF.\lﬃ["~
d{PDGM©R2TUFIPN[!ZP.Te]ﬃTBPNH
P.[¤\lPPN[ﬃHTUPNDGab\BJBMITUJGjPNDGTU]M"ﬃFNH^MNH^]WPNHKoDG]ZP.[ﬃDLM¤\BHKF"fTUF"PN[ﬃH	ris¿tvucwBucwyxSz{gKTUJLTUFNDL]ﬃ`
ﬃFITUﬃJGH^aTU]«FIDG]ﬃ`BM­\B]o«gKH^JGJLjﬃJk\BFZ`BFNDGoMjﬃMIHn\BMfH^R:g^TUJGTBFNM\BMÎPN[ﬃHnris3wUucwUucwxSzSg^TUJGTBFNDG]`nﬃFNTBﬃJGH^aTU]«P.[H
M.\labH]ﬃH^PSR2TUFNVWM^~­ÔDGaqDGJk\lFNJLBXvPN[ﬃHrisﬀ|
Ý
ucwUuc}c}K}^ucwxSzSg^TUJGTBFNDG]`qFNTUﬃJLHKa TU]ŁFIDG]ﬃ`UM\B]ﬃoŁDGoﬃDLabH^]ﬃMNDLTU]¤\BJ`UFIDGoﬃM
[¤\BMHKH^]TUP.DLa,\lJGJLMITUJLBHKoDG]PN[ﬃDGMµ¤\BHKFjﬃMIDG]ﬃ`\BM
fHQR g^TUJGTBFNM\BM
PN[ﬃHerisﬂwUuK}c}c}KuKwyxSz{gKTUJLTUFNDL]ﬃ`ﬃFITUﬃJLHKaõTU]
P.[HZM.\BaqHZ]ﬃH^PSR2TUFIVM^~*dS]TBPN[ﬃHKFR2TUFNoMKX¤DG]nPN[ﬃHgc\BMIHKMi\BTUHBX¤]TqH4íP.F.\g[¤\l]ﬃ]ﬃHKJLMi\BFNHZFIHKWjﬃDGFIHKoRe[ﬃH^]7P.[H
g[¤\B]]ﬃHKJMIHK¤\BFN\lP.DLTU]gKTU]MIP.FN\BDG]!P DLM DG]!P.FITvojﬃgKH^oPNT\cUTUDLo7\lo?ÉN\BgKH^]!P fFNHKWjﬃH^]ﬃg^DL]!P.HKFﬂfHKFIHK]ﬃg^HB~	dS]7\lJGJMNjﬃg[
t£
Ä@mop¸.t5wfa` b¥qp
L
6?p
M
© b%¥P6=:<:<:<6oﬁ© b%¥qp
L
6rP6<:=:<:R6rﬁ©
¹XvVﬂ¥§nV(pZ\© rp
L
Csp
M t
u!mu¹¥
t
6ZPp
L
©
wZz}Xé¥ y{Ry{|mﬁ© v
t
CwRxGy]z{|
}
í
li~
t
CwRxGy]z{|
}
í
li~
z ]p
L	
I
Md
y{t5u:nXmopfm
¹Xz|}V9wZ!pZwfmrm v 
}
l=
È
.
~
KL
C 
w
l=
È
.

N
 v
¹Xz1ºRz|uMmr}Vfzt5}V9¹5wfz1º rp
L
C¡Pp
M
w |
.
M

w |
.
M

zp
L	
|i
L
MT
y{mr|vX9w5wfz1º
)
,
-
¡V¥Ep
L
Cp
M
© z ]p
L	
rp
M
fPp
M
z  Ł
M
p
M 
p
L 
Pp
M
8p
L
C)¡8p
M
z ]p
L	
Ł
M
p
M
wRŁ

t
M


@-Cd
 t
M
N
t
C  v
gX­ih[­5®X­8¸+´9­V± k
=fJl
k
¡VÖ=eJl
¯in¹²5±ºX½8ºV­5®
½\BﬃJGH'¢Iﬃ®DG]ﬃDLajﬃa ]WjﬃaHKF*ò'wTBfg[¤\B]]ﬃHKJLM*jﬃMIHKo,fTUF2\MIjqgKDLHK]!P.JbJG\BFN`BHi]H^PSR2TUFNVbå fTUF*\lFNﬃDP.F.\lFI
FNH^jﬃMNHÎoﬃDLMIP\l]ﬃgKHTUFeg[¤\B]]ﬃHKJ0MNH^¤\BFN\lP.DLTU]ﬃMs]ﬃTlP.HP.[ﬃ\lPiDG] w 8!g[¤\B]]ﬃHKJLM\BFIHg^gKJLDGgBXﬃPN[¤\lPeDLMKX¤g[¤\B]]ﬃHKJ½ò7DLM
\Bo?ÉN\lgKHK]!PeP.Tg[¤\l]ﬃ]ﬃHKJñ!x4~
gc\lMNHKM^XﬃjﬃMIDG]ﬃ`g[¤\B]ﬃ]ﬃH^J"MNH^¤\BFN\lP.DLTU],DLM\BJR\cM*H^PIP.HKF	P.[¤\l]\BoﬃoﬃDL]ﬃ`­`Bj¤\BFNobfFNHKWjﬃH^]ﬃgKDLHKMH^PSR2HKH^]®\Bo?ÉN\Bg^HK]!P
g[¤\B]]ﬃHKJLMK~dS]ﬃoﬃH^HKo"XMNjﬃ¯TBMNHeP.[¤\lPPN[ﬃHe¤\B]ﬃovReDGoPN[bTBf©\MNDG]`UJGHg[ﬃ\B]ﬃ]ﬃH^JDLMÆ\B]oqPN[¤\lPP.[ﬃHe¤\l]ﬃoReDGovP.[TBf
\`Uj¤\BFIobfFNH^WjﬃHK]ﬃgQqDGMXReDP.[bñÜN~Y*TU]ﬃMIDGoﬃH^F*\g[¤\B]]ﬃHKJ¯\BMNMIDG`U]abH^]WP	ﬃFITUﬃJLHKa ReDLPN[bg^TlzSg[ﬃ\B]ﬃ]ﬃH^J
FNH^jﬃMNHÎoﬃDLMIP\l]ﬃgKHÎÒ
~	d{fµP.[Hris3wUuc}c}c}^ucwyx{zSgKTBJGTUFIDG]ﬃ`FNTUﬃJLHKaÇDLM TUPNDGab\BJGJbMITUJLBHKo"X'MN\jMNDG]`nò& wÎg^TUJGTBFNMKX
\B]ﬃoPN[ﬃHK]b\`Uj¤\BFIofFNHKWjﬃH^]ﬃg^DLM\BoﬃoﬃH^obH^PSR2HKH^]n\BoyÉN\BgKH^]WPg[ﬃ\B]ﬃ]ﬃH^JGMP.T[¤\B]oﬃJGHPN[ﬃHe\Bo?ÉN\Bg^HK]!PfFNH^jHK]ﬃgQ
DG]!PNHKFIfH^FNH^]ﬃgKHÎﬃFNTBﬃJGH^a7XP.[ﬃH^]®PN[ﬃHTyBHKFN\BJGJ¤\l]ﬃoReDGovP.[®jﬃMNH^o7DLM

#óû
æ s¿ò&Ewyx< ò#}
dS]g^TU]!P.FN\BMIPKXDfµg[ﬃ\B]ﬃ]ﬃH^J½MIHK¤\BFN\lP.DLTU]®DGMeDG]!P.FITvojﬃgKH^oÆ\BMeoﬃH^MNgKFIDGHKoÆ!PN[ﬃH­ris|
Ý
ucw}c}c}Qucwyx{zSg^TUJGTUFIDG]ﬃ`­ﬃFNTUz
JGH^a7XvM.\cjﬃMIDG]ﬃ`bòê!%wgKTUJLTUFNM^XP.[ﬃH^]®PN[ﬃHZP.TBP.\BJ"¤\l]ﬃoReDGovP.[®jﬃMNH^oDGM

ù' H#Ëþó÷:ú
æ<s¿ò

 wyxR	}
Y*JGHK\BFNJUX!Dfònæ ò5GXWPN[ﬃHK]
ù H#Ëþó÷:ú
Ü
éû
X!Re[ﬃDLg[bDLabJGDGH^MµP.[ﬃ\lPjﬃMNDL]ﬃ`Îg[¤\B]ﬃ]ﬃH^J'MNHKﬃ\BF.\lPNDGTU]DLM	H^PIP.H^F
P.[ﬃ\B]ÆjﬃMIDG]ﬃ`b`Uj¤\BFIofFNH^jHK]ﬃgQU~ [ﬃDLM[¤\lﬃ¯H^]ﬃMfTBFP.[Hrisﬀ|
Ý
ucwUuc}c}K}^ucwxSzSg^TUJGTBFNDG]`qFNTUﬃJLHKa×TU]FNDG]`UM\l]ﬃo
ﬃDLoﬃDGaqHK]ﬃMIDGTU]ﬃ\BJ*`UFIDGoﬃM^X\BMR2HKJGJi\BMfTUFP.[Hris¿tucwUucwyx{zSg^TUJGTUFIDG]ﬃ`ﬃFNTUJGHKa¶TU]ÊFIDG]ﬃ`BMb\l]ﬃo g^HKJGJLjﬃJk\lF`UFNDLoﬃMK~
dS]P.[ﬃHFIHKab\BDG]DG]ﬃ`7gc\BMIHKMKXP.[Hg[¤\B]ﬃ]ﬃH^J MNH^¤\BF.\?P.DGTB]P.HKg[]ﬃDGWjﬃHab\TUFab\c«]ﬃTlP¯HaqTUFIH\BﬃHc\BJLDG]ﬃ`
P.[ﬃ\B]PN[ﬃHb`Bj¤\BFNo¬fFNH^WjﬃHK]ﬃgQPNHKg[ﬃ]DGWjﬃHBXµoﬃHKHK]ﬃoDG]ﬃ`7TU]PN[ﬃHB\lJGjﬃH^MTBf-~ã¤TUFHQí\BaqﬃJGHlX½g^TU]ﬃMNDLoﬃHKFP.[H
t
Ł
risﬂwUuKwUucwyx{z2\B]ﬃo7PN[ﬃHrsﬀtvucwUuKwyxSz{gKTUJLTUFNDL]ﬃ`ﬃFITUﬃJGH^abM TB]Æ\ﬃDGoﬃDLabH^]ﬃMNDLTU]¤\BJ©`UFNDLo"~*p	P.[ﬃH\BTyBHFIHc\BMITU]ﬃDL]ﬃ`
TU]ﬃHTUvP\BDL]ﬃM

#óû
æ Ł" ﬁu

ù H#þé÷:ú
æ;8"u
Re[ﬃDLg[bDLabﬃJLDGH^M½P.[ﬃ\lP	jﬃMNDL]ﬃ`g[¤\B]ﬃ]ﬃH^J'MNHKﬃ\BF.\lPNDGTU]DLM	H^PIP.H^FPN[¤\B]q\BoﬃoDG]ﬃ``Uj¤\lFNofFNHKWjﬃH^]ﬃg^Re[HK]Æá
Ý

	~
ã¤FNTUaç\PN[ﬃHKTUFIH^PNDGgc\lJ"¯TBDG]!PeTBfvDLH^RX¤DP FNH^a,\BDL]ﬃMe\BMi\B]TUHK]®WjﬃHKMﬂP.DGTB]®PNTqMITUJLBHZP.[ﬃH`UH^]ﬃHKFN\BJ
risﬀ|
Ý
u|
ß
uK}c}c}Ku.|
áRâÝ
xSzSg^TUJGTBFNDG]`,ﬃFITUﬃJGH^a7X'ReDLPN[¬|
Ý
á |
ß
á:}c}c}áõ|
áRâÝ
X\B]ﬃoÆPNT,Õ¤JLJ½P.[HHKaqPSÆH^]!P.FNDLHKMZDL]
½\BﬃJGH<~
cW
;,6>Ayh6
B
ÃmŁ8wfmM8wF(pZm{ÍvXpZt Mq»k95vXz|wfm>Ít8wﬂvVfm{ÍvVºRzfyovVffz|t8}Vr¹pftZ¼ﬂq]qÁPmomrfmMÍt8w]fmo}?ºXz}Xév\Xz|
nV8n\mrwZrX9}?ºpft:pZXmﬂwZmo[zmI¸.mrwZ.Ít5wXmo|nRÍvXPfvX58mrpfz|t8}\oq
¢HK£HIHŁ'H<P
k
Rl¼ﬂq(/(pfpfzpfz¼9]q ]q(Hmowfpft¨ffz 9}lº»q ]q(Ht8}[vVyoyomo|z¼U¾fffz5}Xz|}X-s.tºRmrPz}2Ã zwZmo|mrZÄ%m{p¸Ht8wZR<¡ÖHt8vV}?ºX¶9}?º xXyo9|z|}X
¤»wft5n\mrwpZzmﬁﬀÅV¢¤£¦¥?§<¨©§Rª«ª
¬-§R­Y®B¯m¥?°mª c±t8¼q\£R¹SfPf8fX[nXnÖqÖSf5£ÂÜ8PfXq
k
Jl¦ q  qHHmowfpft¨ffz%8}?º»q ]q/.t5}[vVyoyomo|z¼¾Fs.tºRm ffz5}Xu:mo}¨pŁÍt5w9²@z1ºyºRmr}	mowZuMz|}V8@Ü}¨pfmowfÍmowZmo}\y{m %8t8z1ºX8}Vy{méz|}
»évV pZzXt5né¤8yF8mop"¼%QºRz|t Ä@m{p¸Ht8wZRﬀÅVc³?´´´.µd¶-·.¸º¹d¥«»m¼cª<»8½R­Y£q¯m¼ﬁª-¯m¼9¬-§R­Y®B¯m¥?°r£¦¼i¾8ﬁ±t5 qX¡VÖ=f8f5£R¨nXnÖqV8VﬂÂ¼58fVq
k
¡ml¦ q  q»Hmowfpft5ZfzH8}?ºq»q sq¤z|}Xt8ppfz¼	¾¿»k9nVnXz}V5 Ít8ws.t8}d¿\z|y{pÂÀXwZmom&%yoyomrZMt9-¤9pfV>z|}ùHz1ºRzu:mr}Vz|t8}\9@wZwZRr
s.z|wZyovX9w2ÁPz|pZr9}?ºùs.t8u:nX|m{pfm×PwZmomﬁﬀÅVÁd¯rÂd¥¼"»m¨G¯HÃ1ÄW»m¥«»m¨¦¨©§<¨A»m¼"ÅFÆD£Çª­E¥£qÈ<Âd­É§ÊÅ·¯mË
Ì"Âd­Y£¦¼i¾8]±t8¼q.e¨R955R¶nXnÖq
ﬁ¡XoQÂZﬁ¡8¡5¡Xq
k
rl¦ q  q.Hmowfpft¨ffz "»q sq»¤z|}Xt8ppfz9}?ºn¼ﬂqH8}Ö2¾¿À]ÍŁy{z|mo}¨pmét8
¼@^ºRz|txRn\mﬁyªpfwZvXu z}nÃ z|wfmrmﬁfiÄ@m{p¸Ht8wZR¸z pZ
s.V8}X}Xmr-x[mrnV9wF(pZzt5},¹Tm{p¸Hmomr}	s.t¨m x¨pF(pZzt5}VﬀÅVAÆ	³«¶
ÎÏ¸ ÃR¯r¥U¸ ¯PÈ<£¦¨£¦­EÐJÑa³¼%­SÒ ¨G¶-·¸Ó¢U¯m¥?°mª?Ôc¯«Ì¯r¼ÆD£ÇªR½<¥?§<­É§
¶	¨ ¾i¯m¥£¦­ÕÔË-ª-»m¼ÖÅ'¸ §<­¦Ôﬁ¯=ÅmªBÃR¯m¥¸ ¯PÈ<£¦¨©§9·¯mË
Ì"Âd­Y£¦¼i¾8\Ht5pft5}ÖX958Xq
k
£Jl9² q Á»qﬁHtºR9mo}lºRmowﬁﬁqﬁ«t5Ro.¼ﬂq qﬁ8}Ö(9}?º×\qo(8}ÁÖmomrvc¸.mr}ÖU¾f@nVnXwftJuRz|u!(pfz|t8}@yÂs.t5t5wfz|}Xt8}D-wF9nVVﬀÅVPØ¹8¶-·.ØT
888Vq
k
eml¤MqÖ×Vq¹s.V9}V9}?ºél>q+«vXtV©¾f/Xm-b%¥ c6o©kÂÁP4¹Tmo|z|}X!¤wZtQ¹X|mou t8} -wF9nX\ﬀÅVﬃØ³«¶¸ÙÁd¯mÂd¥¼Ö»m¨#¯m¼ÚÆÛ£Çª<½<¥?§<­É§D¸ »m­ÕÔc§<Ü
Ë1»m­Y£q½ª %±t8¼qcfX¹=f8fPeV¨nVnÖqV¡88fÂÜ¡XSeXq
k
Slªq8s.X9u pZ8yH9}lº>x+q x+q(¤z|}¨pfmowﬁ!¾flzpZwfz ¹XvRpZmIº	Ä%tºRmrwZ59}Vz©Ýﬁ(pfz|t8}\Ö@|8t5wfzpfXuÍt5ws.\9}X}XmrR%yoyomrZ¶z}M½»évV pZzXt5n
l[}V9u:zy¼@QºRz|t Ä@mop¸.t5wfÅXc³«´´´_¹c¥?»r¼cª<»P½<­E£q¯r¼cªD¯m¼·¯mË
Ì"Âd­§R¥Êª c±t5 qV¡8eX+=f5¢¨R¨nVnÖqT98¢Â(¡[[q
k
¢ml¦l>qÖ-t[tºRu!9}P%×\qVHt8wZwZ5oyÄ ql»k8}?ºX58u&X9}?ºZ¼ﬂqﬁÞ»(pZmrr¾Ä	À¶xR¶/fµÄxß¡V¬Ä@mI¸"x[RpZmouÝ»étºRmoPÍt8w%l-(pF
»émﬁfZ95z}V:x[mrwf[zy{mﬁﬀÅVà,á<­ÕÔX³«´´´â%§«Ôd£q½RÂd¨ã»m¥9¹%§«½ÊÔ¼Ö¯m¨©¯«¾PÐ ·¯m¼SÃR§R¥?§<¼"½Ê§oÖ=f8f¨Rq
k
fml9² q%-wfz©Í!}Ö"´¨ã§RË1§R¼%­É»r¥Ð\¹ÖÔc§Ê¯m¥Ð¤¯HÃA¬ÂdË1ÈÊ§R¥Êª y»kyS-wZ.¸T²@z|¼?Ä%mﬂ¸QÞt8wZT¹Sf5£9
k
ﬁml9×\qK¼]q-wZz558}?º ¼ﬂq «:qPÞmrÖﬃ¾ﬀÁ4¹Tmo|z|}X--wF9nX\'¸zpf>s.t5}?ºRzpfz|t8}Ł9pHlz|pZ8}Vy{m4ÅXﬁØ³«¶¸äÁd¯mÂd¥¼Ö»m¨ß¯m¼aÆD£ÇªR½<¥?§<­É§
¸ »m­ÕÔc§<Ë1»m­Y£q½ª "±t8¼qV£RÖSfPf5X5nVnÖq\£9¢8eÂ£rf¨£Rq
k
5RliÃ q «:qi²9|m8¾?ÀVwfmSå5vVmo}VyoMffz5}Xu:mo}¨p=¡/Xmrt8wZM8}?º!@nXnVzyo9pfz|t8}?ÅVdÄ¥«¯=½Ê§Ê§ÊÅm£¦¼i¾rª;¯[Ã
­ÕÔc§W³«´´´H±t5 qe8¢VV=f5¢8V8nXnÖq
r8f¨.ÂZ£RrVq
k
Jlªq«ﬂ(p«Ýomr|)8}?º»qÄ98\Xz|}XmrÖe¾Fs.\9}X}Xmrffz5}Xu:mo}¨p&xXyFXmou:mrÍt8wks.mo||vX|8w»ktQ¹Xz|m$Pmrmﬁy{t5uMu>vX}Xzyo9pfz|t8}
x[Rpfmru:=¡s.t8u:nXwZmoVmo}Vfz5mxRvXwf5moÅXﬁ³«´´´)ÄA§R¥Êª<¯m¼Ö»m¨æ·]¯rË-Ë0Âd¼ﬁ£q½Ê»r­E£q¯r¼cª %×5vX}Xm:=f8fPeV¨nVnÖqÖr4Â ¡V8q
t
8
kﬁ¡ml¦q?» 9(9}Vfz¼¾ZPwF9}\u:zppfmNº&wZz|mo}¨pfmNº×s.tºRmﬂ%Zz|8}VuMmr}¨pHÍt5w»évXpfz|Xt8né¤8yF5m{p"¼@QºRz|t^ÅVc³?´´´_¹d¥?»r¼cª<»P½<­Y£q¯m¼cªD¯r¼
·¯mË0Ë0Âd¼ﬁ£q½Ê»m­Y£q¯m¼ﬁªF%±t8¼qV¡5£X+=f8¢[[[nXnÖqPr¡¨rfÂFr¡5¢5Rq
k
rrl×x+q qﬃ»kyﬁs.t5wfu:zyFT
¾ªnRpfz|u!9.%nXnXwZtJuRzu!(pZzt5}bt9x[nV8wZfmX²%mrZz9}V 9}?ºzpZ*ÀBå¨vXz|(9|mo}Vyom!pftç-wF9nX s.t5t5wfz|}X
¤»wft^¹Xmru ÅXdè édêEë"ìÊíaécêqîEïÊémðñòRóSô8òémí'í'îãõdôﬁöi±]÷PøYù%úreﬁûßü=fPý8þcûßcßﬃù,ü rþmv"üüPù
k
ü Jl-ù
		Yû'¾ﬀÁ	4¹<øc÷{º
	rø.ﬀﬁ	Pß
ﬂ=¡ﬃﬂ ﬁ	!"$#"¸÷æ÷lº%&ﬁ©÷'?ÅcûﬃØ³?¶;¸ÙÁd¯(d¥¼"»r¨.¯r¼FÆD£Çª<½R¥?§<­§¸ »m­ÕÔc§<Ë1»m­Y£q½ªû
±]÷8øEùdûßü=f8f)ﬁûßcß,ùﬃü=þ8þÂÊü*)'+ﬁù
k
üSeml,Dù-./ﬃû-#;ù¯¼W÷Ju¹%÷'?÷'0
ﬃû-	?º1Öù»2Iº%1º%Yû*¾ﬁ3Aßcß*	465ﬃ÷7-*98÷0
:4
ﬂ1÷;<	=æø	'ﬂ>ﬂ'÷;?:	

=ø@,Aﬂﬁﬂ BC/D
EF?÷'Gcø/B9ﬂH2<øãø0ﬁø	@I@"J7÷ﬁ%ﬂ>Kﬁû%#L!M

N!*	røPO@<ß"÷>=û
,@ﬁãÝ<÷:	Q.ﬁ	ﬁ?3@
R/ﬁﬂ>JSPûßü=f8fD
k
üSl-ù ²DùT.BQ&ﬁﬃûÖù]²@0?ø*S8ûT	4Ußù 3DùV#H=øEû<W>XYB0ß?÷R.
Ú²@/0
>Nﬂ >N!*ﬂ$;Õ÷Z>
¤À
ﬁ=åD0
*:!"S[,Aﬂﬁﬂ BC/DCET«÷Gﬁø/BQKﬁû
´-(d¥«¯ﬁ\ﬁ§«»r¼çÁd¯(d¥¼Ö»m¨¯[Ã9]\c§<¥?»r­E£q¯r¼_^
§Rª<§Ê»m¥?½ÊÔûc±]÷8øEùßü+Ddûßü=fPf8ýcûißcßﬃùre`ýPeﬁù
k
üSýml,Dù Öù#	
*.G	0
BFû]·¯mËA\(d­§R¥
¬-§R­Y®B¯m¥?°mªûETﬁ*D>N!"*`É²ﬃ	røãøEû%aF
Pø*7÷÷.4bæøcdﬂ<ûﬃüSfPý8fcù
k
üSfml9×%ùﬁ±T	24%* ²A*0
R'<øYû:Où,Ûù5P//ﬂ>Pû:	4fe ù ,Ûùd.
=ß

*M4ßûW«ﬀM	rß
25	G<øãø
g	:4fO@	4%ã÷_	

=ø,Aﬂﬁﬂ>'
BQ*DﬁKﬁû
Ád¯(d¥¼Ö»m¨¯[Ã9hG¥?»ﬁ\ﬁÔ¹ÖÔﬁ§«¯r¥Ðmûﬁ±]÷8øEùﬁúPfcûßü=f8fPýﬁûißﬁßﬃù%úre8þ`Húrý8þcù
k
ú+ml9×%ùi	:4%*SûjW>#>/4
ﬂk	:4l	Pø©ø*/ﬂﬀmO@/ﬂ?÷0
M!"Qe2	:	/BQ*D;À0%>0>Qno>=øﬂ>ﬂ<IA"J7÷ﬁ.ﬂﬁKcûﬃ³«´´´ä¢¤£¦¥?§R¨ã§ªÊª
·¯mË0ËC(d¼ﬁ£q½Ê»m­Y£q¯m¼ﬁªCp5¬-§R­Y®B¯m¥?°mª1·]¯r¼=ÃR§<¥?§<¼"½Ê§RûÖú+'++cù
qr
